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ABSTRACT OF THESIS 
 
 
SEDIMENTARY RESPONSES TO GROWTH FAULT SLIP AND CLAY SHRINK AND 
SWELL INDUCED ELEVATION VARIATIONS: EAST MATAGORDA PENINSULA, 
TEXAS 
 
East Matagorda Peninsula in southwestern Texas is characterized geologically by 
active, regional-scale and near-surface growth faulting. Decimeter scale (up to 0.42 m) 
vertical displacement was recorded at the study site over a period of four years, not 
believed to be associated with growth faulting. This research tested the hypotheses that 
fault slip rates were correlated with sediment accumulation rates, and that the observed 
vertical displacement was produced by shrink-and-swell clays in near surface sediments. 
To quantify sediment accumulation rates, a suite of radionuclides (7Be, 137Cs, and 210Pb) 
were used. To understand the effects of shrink-and-swell clays, analyses including 
particle size distribution, X-ray diffraction (XRD), and Fourier transform infrared 
spectroscopy (FTIR) were completed. Additionally, the free swell index test (FSI) was 
used to record the swelling potential of the sediment. Strong correlation (R2 = 0.99) 
indicates coupling between mean fault slip rates and mean sediment accumulation rates. 
Near surface sediment clay size fraction percentages ranged from 0.96 - 6.26% 
containing more than 90% smectite. Based on FSI results, maximum volume change in 
the top six cm was determined to be 208%. The presence and behavior of shrink-and-
swell clay minerals in the region is an important contributor to the vertical displacement 
observed.  
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CHAPTER ONE: INTRODUCTION 
 
1.1 Background 
Growth faults are syndepositional, listric-type faults that often exhibit increasing 
throw at depth with expanded stratigraphic thickness on the downthrown side of the fault 
(Ewing, 1991). Active growth faulting at or near Earth’s surface has been shown as an 
important driver of relative sea level (RSL) rise along the northern Gulf of Mexico (GoMx) 
coast (Feagin et al., 2013). Active growth faulting can result in appreciable wetland 
submergence and loss (White and Morton, 1997; Morton et al., 2001, 2006; Feagin et 
al., 2010). Coastal wetlands hold economic, environmental, and ecological significance. 
More than half of the U.S. population (53%) reside in coastal zones (Mitsch and 
Gosslink, 2000; Craft et al., 2009). The economic value of coastal wetlands ranges up to 
70 billion USD per year, due to their roles in ecological productivity and in mitigating 
storm damages (Schuyt and Brander, 2004). In addition to active growth faulting, 
continued acceleration of eustatic sea level rise in the next decade (Meehl et al., 2007) 
could potentially cause these important ecoregions to shrink and disappear (Menon et 
al., 2010; Cline et al., 2011).   
Active growth faulting is capable of influencing fluvial geomorphic processes in 
coastal wetlands, by controlling river avulsion styles (Cohen et al., 2002; Taha and 
Anderson, 2008), and maintaining channel planform by constraining sinuosity and 
planform deflection (Yeager et al., 2012; Prosser, 2015). Actively faulted coastal 
wetlands offer insights into sedimentary processes and changes associated with vertical 
landscape movements, especially in terms of the development of accommodation space 
(Cline et al., 2011; Yeager et al., 2012). Normal faulting can also trigger spatial migration 
of groundwater-fed wetlands, as groundwater flow patterns shift (Ashley and Hay, 2002; 
Owen et al., 2004). 
East Matagorda Peninsula is located in the northern GoMx, in southwest Texas (Fig. 
1.4), and is underlain by Pleistocene through late Holocene age transgressive 
sedimentary sequences derived from estuarine sedimentation and fluvial-deltaic 
deposits of the Brazos and Colorado Rivers (Wilkinson and Basse, 1978; Galloway, 
2001). The Matagorda Peninsula migrated to its present location, and barrierisland sand 
deposition commenced, ~1,000 years BP (Wilkinson and Basse, 1978).  
The surface expression of an active growth fault appeared at this peninsula in aerial 
imagery in the late 1960’s or early 1970’s (Feagin et al., 2010). Fault motion here is 
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ongoing, and has led to significant wetland losses over the past several decades (Cline 
et al., 2011). The fault strikes northeast and bisects a back-barrier salt marsh 
environment. The downthrown side of the fault is located to the southeast, with the 
upthrown side to the northwest (Fig. 1.1).  
Minor changes in RSL can impact the ecological and hydrologic stability of coastal 
wetlands in the northern GoMx (Kuecher et al., 2001; Morton et al., 2001; Gagliano et 
al., 2003). Acceleration of rates of RSL rise can alter vertical accretion rates, and 
sediment accumulation patterns (DeLaune et al., 1986; Moorhead and Brinson, 1995). 
At East Matagorda Peninsula, accelerated submergence of low marsh has changed 
vertical accretion rates, and driven wetland losses (-37.6% from 1943 to 2008) on the 
downthrown side of the fault (Cline et al., 2011; Feagin et al., 2013). 
 
Figure 1.1. Study site at Matagorda Peninsula, Texas. Diagonal line denotes surface 
trace of the Matagorda fault, lines labeled T1, T2, and T3 denote transect locations, and 
white squares represent wedge core locations. Imagery courtesy of Google Earth 
(2014). 
 
1.2 Sediment Accumulation Responses 
Growth faults are typically syn-sedimentary, producing strata with thickness 
variations across the fault, often resulting from contrasts in the creation of 
accommodation space (Ewing, 1991). Investigations of these faults on the sea floor has 
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shown that sand deposits experience higher degrees of thickening within the hanging 
wall, while comparatively, clay deposits tend to be weakly thickened, or have similar 
thicknesses on each side of the fault (Castelltort et al., 2004; Pochat et al., 2009). 
Pochat et al. (2009) concluded that sand intervals were deposited and thickened through 
bedload processes instigated by the filling-in of fault-related topography, whereas 
mudstone intervals were deposited through suspended load processes. In the northern 
GoMx, offshore growth faults have been shown to exhibit a polycyclic kinematic behavior 
that is controlled largely by sediment loading (Lowrie, 1986; Cartwright et al., 1998). 
Fault movement has been observed to be cyclical over 10,000 to 130,000 year intervals, 
and measured vertical slip ranged from 0.1 m to 14 m (0.0025 - 0.35 mm y-1) during 
Wisconsinan transgressive – regressive cycles (Cartwright et al., 1998). 
Growth faults are also able to record interactions between sediment accumulation 
and fault slip (Wadsworth, 1953; Thorsen, 1963; Cartwright et al., 1998). As fault slip 
continues, increases in accommodation space is often expressed by thickening of strata 
on the downthrown side (Fig. 1.2) (Hardin and Hardin, 1961; Ewing, 1991). This 
relationship between sediment accumulation rates and fault slip has been studied over 
relatively long temporal scales (103 to 105 years) (e.g., Lowrie, 1986; Cartwright et al., 
1998; Bhattacharya and Davies, 2001; Brown et al., 2004). In these studies, syn-
sedimentary faults are thought to react immediately to sedimentary loading variations: 
increases in sediment accumulation rates can contribute to fault displacement, while a 
decrease in those  rates can lead to fault quiescence.  
 
Figure 1.2. Conceptual cross-section of a growth fault, with expansion of sedimentary 
units on the downthrown side (from Cartwright et al., 1998). 
4 
 
1.3 Expansive Clays 
Up to 20% of land area in the U.S. is mantled by expansive soils (Krohn and 
Slosson, 1980). Infrastructure damage in Texas caused by expansive clays is not 
uncommon, e.g., damage to foundations and pavement (O’Neill and Ghazzaly, 1977; 
Nelson and Miller, 1997). Expansive clays and methods of stabilization in Texas have 
been widely studied from an engineering perspective (Simpson, 1934; Gustavson, 1975; 
Wiggins et al., 1978; Petry and Little, 2002).  
Sediment accumulation rates along the Texas coast are largely controlled by the 
hydrological, morphological, and sedimentological characteristics of the fluvial-deltaic 
settings found there (White and Calnan, 1990; White et al., 2001). The Colorado and 
Brazos Rivers traverse both the Blackland Prairie, and Claypan soil types of central 
Texas (Fig. 1.3), which are both rich in high shrink-swell potential clay minerals, 
including smectites (montmorillonite) (Shepard and Moore, 1960; Driese et al., 2005). All  
sediment core transects sampled in this research were located in the Veston fine sandy 
loam soil, which has 20% - 30% clay-sized content (Soil Survey Staff, 2015). Expansive 
clays have also been noted in several studies of the Texas Coastal Prairie (e.g., 
Gustavson, 1975; Gustavson and Kreitler, 1976; Diamond and Smeins, 1984; Nordt et 
al., 2004). According to Gustavson and Kreitler (1976), Texas coastal plain sediments 
with high clay contents can develop into expansive clay loam soils, with montmorillonite 
as the dominant clay mineral. However, expansive clays have not been widely studied in 
the Texas saline coastal plains setting, the site of this work. 
Factors that determine clay mineral shrink and swell potential include charge 
distribution and cation species (Barshad, 1955; Thomas, 1998). Clay minerals maintain 
their permanent negative charge through isomorphic substitution of cations such as Al3+ 
and Si4+ in tetrahedral and octahedral layers. Kaolinite is a 1:1 phyllosilicate with little 
tetrahedral or octahedral substitution, its 1:1 layers are held tightly together, leaving no 
space for the incorporation of water (Dixon, 1989). Smectite is a generic name given to 
expansive, 2:1 clay minerals with a negative charge of 0.4 – 1.2 (Bailey, 1980). 
Isomorphic substitution in smectite occurs in the tetrahedral sheets, the octahedral 
sheets, or a combination of the two (Thomas, 1998). Montmorillonite is a Mg-rich, highly 
expansive mineral, and is part of the smectite family. With most ionic substitution in 
montmorillonite occurring in its octahedral layer, decay of charge density resulting from 
an increase in distance between the octahedral substitution and the interlayer leads to 
increased potential to incorporate water (Grim, 1962; Borchardt, 1989). The smectite 
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group (Thomas, 1998) includes dioctahedral smectites (montmorillonite, beidellite, and 
nontronite) and trioctahedral smectites (hectorite, saponite, and sauconite).  
 
 
Figure 1.3. General soil map of Texas, with gray and teal colors representing areas with 
soils having high expansive clay concentrations, and yellow representing coastal saline 
praires (19), which includes the research site (Soil Survey Staff, 2015).  
 
1.4 Geologic Setting  
The coast of the northern GoMx was built by the accumulation of fluvial and 
continental shelf sediments deposited primarily during the Miocene (~23-5 MYA) 
(McGookey, 1975; Winker, 1982; Galloway, 1989, 2001). The resulting overburden 
stress of this massive sediment influx, and the subsequent basinward migration of these 
sediments, resulted in widespread development of growth faults (Thorsen, 1963; Nelson, 
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1991). These growth faults originated as a basal décollement with the migration of the 
underlying Jurassic-age Louann Salt during the late Cenozoic Era (Worrall and Snelson, 
1989). Detachments initiated during Oligocene – Miocene time, with more recent 
developments into the Pliocene – Pleistocene (Diegel et al., 1995). Growth faults in the 
northern GoMx are widespread on the coastal plain, and offshore on the continental 
shelf (Fig. 1.4). 
 Growth faults often form as large, laterally extensive faults, or as groups of smaller 
faults (Worrall and Snelson, 1989; Nelson, 1991). Growth faults are typically 
syndepositional, lystric-style normal faults, often exhibiting downthrown-side stratigraphic 
expansion due to increased rates of sediment accumulation, and a decrease in surface 
elevation, as responses to increased accommodation space (Hardin and Hardin, 1961; 
Ewing, 1991). The acceleration of coastal GoMx fault movement during the past 100 
years is believed to be a result of the onset and intensification of hydrocarbon production 
from the 1930s continuing to the present (e.g., White and Morton, 1997; Morton et al., 
2006; Chan and Zoback, 2007). In addition to hydrocarbon production, groundwater 
extraction from shallow aquifers can play a significant role in the reactivation of these 
faults, or in the intensification of fault motion (e.g., Gustavson and Kreitler, 1976; 
Buckley et al., 2003; Chen et al., 2016). In both scenarios, fault activation and movement 





Figure 1.4. Structural framework of the northern Gulf of Mexico. Red star 




1.5 Previous Studies 
 
1.5.1 Fault Slip and Sedimentation Changes 
Various studies have used different methods to characterize sedimentary responses 
to fault activity in the coastal wetlands of the northern GoMx (White and Tremblay, 1995; 
Morton et al., 2001). White and Tremblay (1995) used aerial photography (1930s-1980s) 
and field surveys to determine that subaqueous erosion, combined with subsidence (due 
to fault activity and groundwater withdrawal), led to significant wetland losses in the 
Galveston Bay and Sabine Lake estuarine systems of Texas. They estimated 
subsidence rates of 3 – 67 mm y-1 in the Galveston Bay system. Wetland loss at Bolivar 
Peninsula, Texas was discovered to be due to differential subsidence between the 
upthrown (6 mm y-1) and downthrown (10 mm y-1) sides of a growth fault. These authors 
showed that vertical accretion rates were too low to maintain system equilibrium with 
respect to rates of RSL rise and subsidence here, leading to 107 km2 of wetland loss in 
the Galveston Bay system from the 1950s to 1989. Morton et al. (2001) investigated 
several surface faults associated with active hydrocarbon extraction in the past 60 years 
at Port Neches, Clam Lake, and Caplen, all within the Galveston Bay and Sabine Lake 
systems. They used a combination of topographic and bathymetric profiles, along with 
stratigraphic correlation of shallow cores to characterize subsidence and sedimentary 
responses. They concluded that the combination of low subsidence (~4 cm at Caplen 
compared to ~64 cm at Port Neches, Texas) and significant subaqueous erosion (30-40 
cm) led to the creation of ~0.0035 km3 of additional accommodation space at Caplen, 
Texas. 
Radiochemical methods have been employed successfully in high-resolution studies 
of recent sediment accumulation in coastal environments (e.g., Huntley et al., 1995; 
Ravichandran et al., 1995; Williams, 1995; Santschi et al., 1999; White et al., 2001; 
Yeager et al., 2004, 2005, and 2007; Wolfe, 2014). Huntley et al. (1995) used both 137Cs 
and 210Pb to quantify sediment accumulation rates at the Lower Passaic River located in 
the Newark Bay estuary, New Jersey. Ravichandran et al. (1995), Williams (1995), 
Santschi et al. (1999), White et al. (2001), and Yeager et al. (2004, 2005, and 2007) 
used a mix of radionuclides (137Cs, 239,240Pu, 210Pb, 234Th) to quantify sediment 
accumulation rates in the northern GoMx. Radiochemical methods have also been 
successfully employed in lacustrine (Edgington et al., 1991; Begy et al., 2009) and 
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continental shelf environments (DeMaster et al., 1985; Huh et al., 2009) to understand 
recent sediment accumulation.  
Three sediment core transects were established perpendicular to the surface 
expression of the fault (Fig. 1.1). A total of 25 vibra-cores were collected from Transects 
1, 2, and 3 (T1, T2, and T3). Three wedge cores (Fig. 1.1) were also collected away 
from the fault trace to determine sediment accumulation rates beyond the suspected 
zone of influence of fault-induced vertical displacement.  
Wolfe (2014) used 137Cs, 210Pb, and 14C to quantify sediment accumulation rates at 
T1.  Radiocarbon was also used to calculate fault slip rates at the three transects here. 
The calculated minimum fault slip rates for T1, T2, and T3 since 2,500 years BP were 
0.41, 0.25, and 0.09 mm y-1, respectively (Fig. 1.5). These rates require the assumption 
that fault slip has occurred continuously since 2,500 years BP. However, fault slip at the 
East Matagorda Peninsula is episodic (Feagin et al., 2013; Wolfe, 2014). These time-
integrated (minimum) rates can provide an acceptable means of comparison of fault 
behavior, and sediment accumulation changes at the three transects.  
Wolfe (2014) also created lithostratigraphic diagrams using all 25 vibra-cores across 
T1, T2, and T3 (Fig. 1.6, 1.7, 1.8). These diagrams display stratigraphic thickening of the 
downthrown side of the fault. Wolfe (2014) calculated the Expansion Index (EI) from 
1,500 years BP to the present at T1, T2 and T3 (1.64, 1.31, and 1.10 respectively) 
based on 14C, supporting the contention of on-going fault activity. Thorsen (1963) 
developed the EI as a measurement to analyze the movement of a growth fault. The EI 









Figure 1.5. Calculated time-integrated fault slip rates (2,500 years BP to present) for T1, 
T2, and T3 vs. distance along fault trace (SW to NE) (Wolfe, 2014). 
 
 










Figure 1.8. Lithostratigraphic diagram of T3 (Wolfe, 2014). 
 
1.5.2 Elevation Fluctuations 
Feagin et al. (2013) documented large, annual time-scale elevation changes at this 
field site over a survey period of five years (2007-2011) (Fig. 1.9). Given the scale of 
these changes (maximum vertical displacement of 0.42 m), and the proximity of survey 
stations to an active, near-surface growth fault, it was initially suspected that these 
elevation changes were driven by Earth surface displacement or deformation associated 
with fault motion. These decimeter-scale movements are not reflected in the 
stratigraphic record, i.e., the processes that drive these observed elevation changes 
appear to operate over short temporal scales (days, weeks, months), and are weakly 
coupled to the longer term processes that produce the stratigraphic record. Factors that 
have been shown to produce measurable surface elevation change over short temporal 
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scales include (1) shrink-swell clay responses to variability in hydrologic conditions 
(Whelan et al., 2005; Cahoon et al., 2011); (2) changes in barometric pressure (up to 30 
hPa) due to hurricanes exerting or relieving strain on nearby faults (Liu et al., 2009); (3) 
changes in the hydrologic connectivity of salt marsh water bodies (Colón-Rivera et al., 
2012); and/or (4) evapotranspiration (Paquette et al., 2004; Whelan et al., 2005).  
Surface elevation is an important factor in wetland environments, affecting floral and 
faunal species colonization, recruitment, and survival (e.g., Childers et al., 1993; 
McMillan, 1971; Rabinowitz, 1978; Ellison and Farnsworth, 1993). Surface elevation in 
wetlands can control soil salinity (Naidoo, 1985; Ellison and Farnsworth, 1997), nutrient 
availability (Boto and Wellington, 1984; Morris et al., 2002), and oxygen concentrations 
(Naidoo, 1985; Lopez-Portillo and Ezcurra, 1989).  
 
 
Figure 1.9. (a) LIDAR imagery of study site with R1 in red; and (b) relative elevation 
change along R1 (2007 – 2010) (modified from Feagin et al., 2013). 
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1.6 Present Study  
1.6.1 Hypotheses and Objectives 
This thesis proposed to test two hypotheses: 
H1: Variation in slip rates along the Matagorda fault at T1, T2, and T3 is coupled to  
sediment accumulation rates due to changes in accommodation. 
H2: Rapid and large-magnitude surface elevation changes observed in the back-barrier  
marshes of Matagorda Peninsula, Texas are driven by volumetric changes in shrink-
swell clay-rich sediment horizons in near-surface sediments. 
Research objectives included: (1) quantify sediment mixing depths and accumulation 
rates across T2 and T3 using 210Pb and 137Cs; (2) construct particle size distributions for 
cores at T2 and T3; (3) examine possible correlations between Holocene fault slip rates 
and sediment accumulation rates; (4) determine if high shrink-swell potential clay 
minerals are present in near-surface sediments using x-ray diffraction (XRD); and (5) 
conduct free swell index (FSI) experiments to measure shrink-swell capacity of selected 






















CHAPTER TWO: RESEARCH METHODS 
Particle size distributions and radiochemistry data were produced from 25 vibra-
cores collected in 2008, 2010, and 2011, and from three wedge cores collected in 2009, 
2010, and 2012 (Fig. 1.1). Vibra-core lengths ranged from 1.12 – 4.52 m, and wedge 
core lengths were ~1 m. Only the top meter was utilized here for data production. In 
2015, sediment samples were collected from two trenches near T1 for XRD clay mineral 
analysis (Fig. 2.1).  
 
2.1 Sediment Trenching 
Two shallow trenching stations were established at two different types of surface 
sediment facies: sub-aerial shelly sandy (Trench 1), and muddy fine sand with grass 
fibers and mud cracks (Trench 2). The two trenching locations were located near T1 
(Fig. 2.1). Trenching depths ranged up to ~10 cm due the presence of the water table in 
the near surface. Sediment collected was stabilized to preserve the original stratigraphy, 
and sealed to decrease the effects of oxidation. E 
 
Figure 2.1. Spatial location of T1 vibra-cores (white circles), and trenches one and two 
(white triangles), with diagonal solid line representing the surface trace of the fault. 




Three fallout radionuclides, 210Pb, 137Cs and 7Be, were utilized to extract information 
pertaining to sediment mixing depths, accumulation rates, and geochronology for each 
core. The temporal resolution possible using these isotopes ranges from years, 
decades, to a maximum of ~100 years (Noller, 2000). Due to differences in their 
geochemistry, sources (nuclear bombs [137Cs], constant fallout [210Pb]), and half-lives, 
the use of multiple radionuclides strengthens sediment geochronology interpretations. 
210Pb modeling is often used as a reliable measure of geochronology for sediments 
deposited within the last century (e.g., Krishnaswami et al., 1971; Koide et al., 1972; 
Zaborska et al., 2007; Sanchez – Cabeza et al., 2012). However, one assumption that 
fallout radionuclide modeling relies on is that sediment mixing must be limited to the near 
surface (Ravichandran et al., 1995; Kirchner, 2011; MacKenzie et al., 2011). 
Sediment samples derived from sectioning cores at one or two cm intervals were dried 
at 70° C, then ground with a Retsch Mortar-Miller (RM 200) in order to homogenize the 
sediment. 
 
2.2.1 Gamma Spectrometry 
137Cs (t1/2 = 30.17 years) can also be used to approximate sediment age and 
calculate sediment mass accumulation rates (MAR). Unlike 210Pb, 137Cs is an 
anthropogenic radionuclide that has been supplied to Earth’s atmosphere since the 
onset of large-scale, above ground nuclear weapons testing in 1952, and peaking in 
1963, when the Limited Nuclear Test Ban Treaty went into effect (Huntley et al., 1995; 
Williams, 1995, 2003; Yeager et al., 2007). The following equation can be used to 




                                                                  [2] 
where S = sediment MAR (g cm-2 yr-1), Dpk = cumulative mass depth (g cm-2) at which 
the 137Cs peak is observed, and t = time since 1963 (years) (Yeager et al., 2007). If a 
sediment core does not exhibit a well-defined 1963 peak, the lowermost depth of 
detection of 137Cs can be used as a proxy for the onset of large-scale above ground 
nuclear weapons testing in 1952 (Yeager et al., 2007). 
 To calculate linear sediment accumulation rate (LAR) from both 137Cs and 210Pb, the 
following equation can be used: 
𝐿 =  
𝑆
𝜌𝑏
                                                                    [3] 
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where L = sediment LAR (cm y-1), S = sediment MAR (g cm-2 y-1), and ρb is the mean 
bulk density (g cm-3) of sediment over the modeled interval.  
 Bulk density is derived as a function of grain density (g cm-3) and percent porosity: 
      𝜌𝑏 = (1 − % 𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦) × 𝑔𝑟𝑎𝑖𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦                                     [4] 
 7Be (t1/2 = 53.5 days) can be used to determine short-term sediment mixing depths 
and rates on time scales on the order of months in coastal environments such as East 
Matagorda Bay (Krishnaswami et al., 1980). Unlike 137Cs, 7Be is a constant fallout, 
cosmogenic radionuclide (Landis et al., 2012; Yeager et al., 2012) formed from the 
collision of high-energy protons (H+) or alpha (He) particles and larger atoms in the 
atmosphere (Gaffney et al., 2005; Baskaran, 2011). 7Be profiles that indicate vertical 
mixing is limited to the near surface (~10 cm) suggest that 137Cs and 210Pb activity 
profiles would be useful in calculating MARs and LARs (Ravichandran et al., 1995).  
Gamma spectrometry samples were packed into 10 ml plastic test tubes at a ratio of 
1 g : 1 ml. If this ratio was not possible, silica gel was added as a filler. The test tubes 
were subsequently sealed with epoxy for 21 days for isotopic equilibrium (222Rn) to occur 
before counting. Canberra High Purity Germanium (HPGe) well detectors and multi-
channel analyzers (model DSA 1000) were used to resolve 137Cs.  
 
2.2.2 Alpha Spectrometry 
210Pb is a natural product of the 238U decay series (Fig. 2.2). Daughter products of 
238U include 226Ra and 222Rn. 226Ra decays into the noble gas 222Rn (t1/2 = 3.8 days). 
Unsupported, or “excess” 210Pb (210Pbxs) is subsequently derived from the decay of 222Rn 
in the atmosphere (Ivanovich and Harmon, 1982; Olley et al., 1996; Yeager et al., 2004, 
2005). 210Pbxs is later supplied to Earth’s surface through atmospheric dry and wet 
deposition, and rapidly associates itself with particulate matter (Noller, 2000).   
Due to the nature of lead and radium, having no redox chemistry and relatively low 
solubility at Earth’s surface, they are often adsorbed onto silts, clays, and organic matter 
(e.g., Santschi et al., 1980; Huntley et al., 1995; Ravichandran et al., 1995; Baskaran, 
2011). Supported 210Pb (210Pbsupp) is produced in situ by the radioactive decay of 222Rn 
within soils or sediment (Noller, 2000). Measured 210Pb activities greater than the 
supported value are attributed to be 210Pbxs. 
210Pbtotal – 210Pbsupp = 210Pbxs                                                                           [5] 










)                                                            [6] 
where t = age of the sediment in years BP, λ = decay constant of 210Pb (0.03114 yr-1), C0 
= 210Pbxs concentration at the surface, and Cz = 210Pbxs concentration at depth z.  
Basic assumptions that must be valid to use this model include: (1) 210Pbxs is 
delivered to sediments at a constant rate through time; (2) the initial concentration of 
210Pb in the sediment is variable; and (3) rates of sediment accumulation are variable 
(Goldberg, 1963). This model also allows for cm-scale geochronology calculations, 
yielding a high-resolution record of sediment accumulation over the past ~100 years.  
Each sediment sample (1.00 – 1.10 g) was acid-digested in a TeflonTM beaker. 210Pb 
samples were spiked with 500 µl of a certified 209Po tracer (Eckert and Ziegler Isotope 
Products, source number 1555-49). As 209Po does not occur in nature, this method 
provides accurate measurements of total 210Po in the sample. Assuming 210Po and 210Pb 
are in secular equilibrium, 210Po can be used as a proxy for total 210Pb. Concentrated 
HCl, HNO3, and HF acids were added over heat (~125° C) to completely digest the 
samples. Ascorbic acid was added to samples to bind any free Fe (III) (Yeager et al., 
2012). A silver (Ag) disk was later added to act as a substrate for the spontaneous 
deposition of polonium isotopes (Santschi et al., 1980, 1999). The Ag disk was then 
analyzed by alpha spectrometry to resolve total 210Pb, using a Canberra integrated alpha 
spectrometer (model 7404) and multi-channel analyzer (model 8224).  
 
Figure 2.2. 238U decay series (from Mitchell et al., 2013). 
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2.3 Particle Size Distribution 
Particle size distribution data in conjunction with sedimentological and 
lithostratigraphic data can offer paleo-environmental insights into the study area, given  
that particle size is the result of dominant sediment transport processes, post-
depositional processes, transport distance, or sediment provenance. Paleo-
environmental insights which can be provided by these data include sediment sources, 
and local depositional settings at discrete intervals (e.g., facies change) (Kranck and 
Milligan, 1985; Van Wagoner et al., 1988; Yoshida et al., 2007). Additionally, because 
210Pb and 137Cs are preferentially adsorbed onto fine-grained particles such as silt and 
clay, well-developed particle size distribution profiles are useful in radionuclide profile 
interpretations. 
Prior to particle size analysis, each dry sample was weighed (1.5 – 3.5 g) in a 250 ml 
Pyrex beaker and disaggregated using a sodium hexametaphosphate solution for 12 – 
24 hours (Plouffe et al., 2001). Macro-organic matter and sediment grains > 2 mm in 
diameter were removed via sieving and later quantified. Samples were then treated with 
30% H2O2 over heat (100° C) to destroy organic binding agents, mainly composed of 
micro-organic matter (Kunze and Dixon, 1986; Yeager et al., 2005). Once the reaction 
was complete, each sample was rinsed with deionized (DI) water for 12 – 24 hours to 
remove remaining H2O2. Samples were then rinsed into a 50 ml centrifuge tube and 
spun in a Beckman Coulter Allegra X benchtop centrifuge. The samples were 
subsequently rinsed with DI water, and the supernatant was decanted three times to 
completely remove H2O2. Samples were then heated to dryness at 70° C. Once dried, 
sediment weights were recorded, and samples were ready for particle size analysis.  
The < 2 mm fraction was analyzed using a Malvern Mastersizer S2000 laser-optical 
particle-sizing instrument, which has an operational grain-size range of 0.02 µm– 2 mm. 
The instrument uses a laser diffraction technique to measure particle diameters based 
on Mie theory and Fraunhofer Approximation. Intensity of light scattering, and the angle 
which particles scatter light are functions of particle diameter. Large particles tend to 
scatter light at smaller angles, as compared to smaller particles. Sediment size class 
identification can be derived based on the angular scattering intensity data, reported as 
a volume equivalent sphere diameter (Malvern Instruments Ltd., 2007). Results were 
then plotted according to the Wentworth scale: sand (2 mm - 63 µm), silt (63 - 4 µm), 




2.4 X-ray Diffraction (XRD) Mineral Identification 
X-ray diffraction (XRD) analysis was completed on samples from trenching to identify 
minerals within the clay size fraction. Identification of mineral lattice spacing is 
established based on Bragg’s law: 
𝑛𝜆 = 2𝑑 sin𝜃                                                            [7] 
where n is the order of the reflection, λ is the X-ray wavelength, d is the lattice spacing, 
and θ is the angle of reflection.  
To prepare samples for XRD and IR (infrared) analysis, samples were pretreated to 
remove carbonate and organic matter (Jackson, 1956; Kunze and Dixon, 1986). Each 
sample was air dried and treated with pH 5N NaOAc over heat (70° C). The samples 
were then centrifuged to produce a clear supernatant (2000 rpm for 5 min.), which was 
then decanted. Similar to pretreatment for particle size distribution, organic binding 
agents were removed with pH 5N NaOAc and 30% H2O2, and samples were allowed to 
sit overnight (Jackson, 1956). To complete the reaction, additional H2O2 was added to 
the samples in a water bath (90° C). The samples were then centrifuged, and the clear 
supernatant decanted. 
Samples were then disaggregated with pH 10 Na2CO3 and sieved to remove  
sand using a 50 μm mesh. Silt was fractionated and removed by centrifugation using 
Stoke’s law (Anderson et al., 1981; Karathanasis and Hajek, 1982): 








                                                        [8] 
where t is the centrifuge time (min.), η is the viscosity at a given temperature, R is the 
radius of rotation (cm) of the top of the sediment in the centrifuge tube, S is the radius of 
rotation (cm) of the top of the suspension in the centrifuge tube, Nm is the revolutions per 
minute of the centrifuge, Du is the particle diameter (µm), Sp is the density of the particle, 
and Sl is the density of the liquid.  
Each sample was then saturated with Mg and transferred to a glass slide. The Mg-
saturated slides were analyzed by XRD at 20° C, and then treated with glycerol to detect 
the presence of smectite (Drever, 1973; Karathanasis and Hajek, 1982; Keren and 
Sparks, 1995). Slides were analyzed at the Department of Plant and Soil Science, 
University of Kentucky, using a Bruker D8 Discover diffractometer. 
Diagnostic d-spacings are listed in Table 2.1 (Brindley and Brown, 1980). To quantify 
the relative amount of each mineral, the following equations (Brindley and Brown, 1980; 
Reynolds, 1989) were used: 
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𝐴𝑎 = 𝐻𝑎 × 𝛽𝑎                                                          [9] 




× 100%                                                   [11] 
where A is the area under the curve or the peak intensity, a is the mineral, H is the 
height (counts) of the peak, 𝛽 is the width of the peak at half-peak height (°2 θ), and 
𝛴𝐴𝑎…𝑧 is the summation of the areas under the peak for all minerals with diagnostic 
peaks. 
To calculate the relative percentage of smectite present, the following equations 
were used: 
%𝑆𝑚𝑒𝑐𝑡𝑖𝑡𝑒 =  
𝐴𝑠𝑚𝑒𝑐𝑡𝑖𝑡𝑒
𝐴𝑠𝑚𝑒𝑐𝑡𝑖𝑡𝑒+𝐴𝑜𝑡ℎ𝑒𝑟 1.4𝑛𝑚
× 100%                                 [12] 
%𝑜𝑡ℎ𝑒𝑟 1.4𝑛𝑚 =  
𝐴𝑜𝑡ℎ𝑒𝑟 1.4𝑛𝑚
𝐴𝑠𝑚𝑒𝑐𝑡𝑖𝑡𝑒+𝐴𝑜𝑡ℎ𝑒𝑟 1.4𝑛𝑚
× 100%                              [13] 
where Asmectite is the intensity of smectite, and Aother 1.4nm is the relative intensity of other 
1.4 nm minerals from the Mg-glycolated XRD pattern.  
 
Table 2.1. Diagnostic d-spacings of minerals. 
Mineral Mg at 25º C (nm) 
Mg glycolated at 





Vermiculite 1.40 1.40 
Smectite 1.40 1.70-1.80 
Chlorite 1.40 1.40 
Mica 1.00 1.00 
Kaolinite 0.720 0.720 
Quartz 0.425 0.425 
 
2.5 Fourier Transform Infrared (FTIR) Spectroscopy 
Fourier transform infrared (FTIR) spectroscopy was used in conjunction with XRD to 
identify sample clay mineralogy. FTIR is a useful method when identifying samples that 
are poorly crystalline (Matocha et al., 2005; Parikh et al., 2007). FTIR yields information 
on bond movement between atoms or groups of atoms within a molecule as a response 
to IR radiation (Farmer, 1974; Griffith and Haseth, 2007). The resulting spectrum 
22 
 
represents a unique molecular absorption and transmission, allowing mineral 
identification (Griffith and Haseth, 2007). Possible bond vibrations include stretching and 
bending (Farmer, 1974; Bishop et al., 1994). Vibrational frequencies are dependent on 
bond force constants, atomic masses, molecular geometry, and clay mineralogy (e.g., 
Farmer, 1974; Baes and Bloom, 1989; Petit et al., 1995; Madejová, 2003; White and 
Dixon, 2003). Common minerals/phyllosilicate vibrations and their wave numbers are 
listed in Table 2.2. Vibrational frequencies can be useful for mineral identification, and 
are based on: 






                                                           [14] 
where v is the frequency of bond vibrations (cm-1); c is the velocity of light (m s-1); k is the 
force constant (N m-1); and μ is the reduced mass of atoms A and B.  
𝜇 =  
𝑚𝐴𝑚𝐵
𝑚𝐴+𝑚𝐵
                                                                  [15] 
where 𝜇 is the reduced mass of atoms A and B; mA is the mass of atom A; and mB is the 
mass of atom B. 
 
Table 2.2. Common minerals/phyllosilicate vibrations and their wave numbers identified 
through FITR (White, 1971; Farmer, 1974; Bellamy, 1975; Schaumberg et al., 1980; 
Boyd et al., 1981; Inbar et al., 1989; Cheshire et al., 2000).  
 
Minerals /  
Possible vibrations 
Wave numbers (cm-1) 
Quartz 800 
O-H bend 600 – 950 
H-O-H bend (water) 1600 – 1650 
CH2 asymmetric 
stretch 
2925 – 2930 
CH3 asymmetric 
stretch 
2950 – 2960 






To prepare samples for FTIR analysis, 500 mg of spectroscopic grade KBr was 
homogenized with 30 mg of freeze-dried clay sample. The samples were then analyzed 
using a Nicolet 6700 FTIR spectrometer. Multiple spectra were collected per sample, at 
a resolution of 4 cm-1.  
 
2.6 Sediment Shrink and Swell Potential 
Samples collected from trenching underwent desiccation via freeze-drying and 
inundation to determine their FSI (Norrish, 1954). By comparison with the changes in 
elevation quantified by Feagin et al. (2013), FSI data will be used to test H2. The FSI of 




 × 100%                                              [16] 
where V = soil volume after swelling (mL), and Vo = the volume of dry soil (mL). The FSI 
can be limited in utility by the presence of kaolinitic clays, which have been observed to 
exhibit a negative free swell percentage (Sridharan et al., 1985).   
Free swell tests were conducted for all trench two samples, at one cm intervals up to 
a depth of six cm. Ten replicate trials were completed for each sample. Table 2.3 
translates quantitative FSI values to qualitative expansion potential (Nelson et al., 2015). 
In addition, samples from the one and two cm intervals were also treated with 15% and 
25% NaCl solutions (Colón-Rivera et al., 2012) to simulate salt water influence. Colón-
Rivera et al. (2012) quantified salinity values of both isolated and connected ponds at 
East Matagorda Bay, which are representative of sediment pore water. Five replicate 
trials were completed for samples from the one and two cm intervals. The effect of 
salinity on shrink and swell potential has been documented (Yong, 1999; Rao et al., 
2012; Elmashad and Ata, 2014). Rao et al. (2012) observed decreases in the percent 
swell (7.6, 5.9, 5.1, 4.2, and 2.7%) with increasing salinity (distilled, 0.1M, 0.4M, 1.0M, 
and 4.0M NaCl, respectively) in black cotton soils from Karnataka, India. Elmashad and 










Table 2.3. Expansion potential based on free swell index (FSI).  
Free Swell Index (FSI) Expansion Potential 
< 20 Low 
20 – 35 Medium 
35 – 50 High 
> 50 Very High 
 
Linear regression was used to model the correlation between the independent 
variable (compositional differences between the cm interval samples) and the dependent 
variable (FSI). A Pearson’s product moment correlation coefficient was determined in 
XLSTAT to test the correlation between the independent and dependent variable with: 
Null Hypothesis (H0): ρ = 0 
Alternative Hypothesis (HA): ρ ≠ 0 
α = 0.05 
where ρ is the correlation coefficient, and α is the significance level. Assumptions made 
include: (1) the sample pairs are independent; and (2) the sample pairs are random from 
a bivariate normal distribution.  
 A one-way ANOVA was used in XLSTAT to determine if the mean FSI of each cm 
interval were statistically similar or different from each other. A Tukey’s HSD (Honest 
Significant Difference) was also computed in XLSTAT to show statistical differences 
between individual groups:  
 H0: μ1cm = μ2cm = μ3cm = μ4cm = μ5cm = μ6cm 
HA: The means are not all equal 
α = 0.05 
where μ is the mean FSI. Assumptions made include (1) independent samples; and (2) 
sample pairs were random and from a bivariate normal distribution. 
 A one-way ANOVA was also used in XLSTAT to determine statistical similarities or 
differences between mean FSI between distilled and saline solutions:  
H0: μd = μ15% = μ25% 
HA: The means are not all equal 
α = 0.05 
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where μd is the mean distilled water FSI, μ15% is the mean 15% saline solution FSI, and 
μ25% is the mean 25% saline solution FSI. Assumptions made include: (1) independent 


































CHAPTER THREE: RESULTS 
Results are presented in the following order: particle size distributions; 
radiochemistry (7Be, 137Cs, 210Pb); clay mineralogy (XRD; FTIR); and shrink-swell (FSI). 
For particle size distributions and radiochemistry, the order discussed is: T1, T2, and T3, 
progressing from the upthrown (NW) to the downthrown stations (SE). For clay 
mineralogy and shrink-swell, all samples were derived from T2 due to time constraints, 
and its relatively high clay sized sediment content compared to trench one samples.  
 
3.1 Particle Size Distribution 
Analyses were completed for 25 vibra-cores and 2 wedge cores (analyses for 
NSF_32_12W was not performed due to time constraints) and are summarized in 
Appendix A. Relative sand, silt, and clay percentages were quantified at one cm 
intervals for the first 50 cm depth, and at two cm intervals thereafter.  
 
3.1.1 Transect 1 
Down-core profiles for upthrown T1 vibra-cores (DOE_6B, 1B, and 2B) display the 
same general trend: overall domination of the sand-sized fraction (~70-90%), followed by 
the silt-sized (~10-20%), and clay-sized fractions (< 5%) (Figs. 3.1-3.2). Upthrown T1 
vibra-cores also exhibit a fining-upward trend: a decrease in the sand-sized fraction and 
an increase in the clay and silt-sized fractions, especially in the near surface (upper 20 
cm). Down-core profiles for downthrown T1 vibra-cores (DOE_3B, 4B, 5B, and 7B) 
display similar general trends as the upthrown vibra-cores, with a higher degree of 
mixing evident (Figs. 3.2-3.4). This can be seen in DOE_7B (Fig. 3.4), where the upper 
23 cm exhibit mixing of particle grain sizes, followed by a sand-dominated sequence to 




Figure 3.1. Particle size distribution vs. depth for stations DOE_6B_10V (Left) and 
DOE_1B_09V (Right). 
 





Figure 3.3. Particle size distribution vs. depth for stations DOE_4B_09V (Left) and 
DOE_5B_09V (Right). 
 




3.1.2 Transect 2 
Down-core profiles for upthrown T2 vibra-cores (NSF_1B, 2B, 3B, 4B, and 5B) 
display a more varied trend than T1 upthrown cores: overall domination of sand-sized 
fraction (~50-90%), followed by silt-sized (~20-50%), and clay-sized fractions (~<5-15%). 
Only NSF_3B displays a particle size distribution pattern similar to T1 upthrown cores. 
Upthrown T2 vibra-cores also exhibit a coarsening-upward trend, followed by a fining-
upward trend. This can be seen in NSF_2B (Fig. 3.5) and 4B (Fig. 3.6). Down-core 
profiles for downthrown T2 vibra-cores (NSF_6B, 7B, 8B, 9B, and 10B) display similar 
general trends as the upthrown vibra-cores. Some vibra-cores exhibit a fining upward 
trend, including NSF_8B (Fig. 3.8). Others exhibit a relatively stable particle size ratio, 
including NSF_6B (Fig. 3.7).  
 






Figure 3.6. Particle size distribution vs. depth for stations NSF_3B_10V (Left) and 
NSF_4B_10V (Right). 
 





Figure 3.8. Particle size distribution vs. depth for stations NSF_7B_10V (Left) and 
NSF_8B_10V (Right). 
 





Figure 3.10. Particle size distribution vs. depth for station NSF_1_10W. 
 
3.1.3 Transect 3 
Down-core profiles for upthrown T3 vibra-cores (NSF_18B, 17B, 16B, and 19B) 
display a mixed particle size distribution throughout the vibra-cores: dominated by the 
sand-sized fraction (~60-80%), then silt-sized (~20-54%), and clay-sized fractions (~< 5-
15%). These vibra-cores also exhibit a fining upward sequence, especially in the top 5 
cm (Fig. 3.10; Fig. 3.12). Interestingly, NSF_19B, at 96-100 cm depth, exhibits a 
decrease in the sand fraction, and an increase in the clay fraction. At 98 cm, the clay 
fraction percentage (38%) overtakes the sand fraction percentage (28%). In other T3 
vibra-cores, the ratio between sand, silt, and clay fractions remain stable. Down-core 
profiles for downthrown T3 vibra-cores (NSF_12B, 13B, 14B, and 15B) display similar 
general trends as the upthrown vibra-cores, with a decreased degree of apparent 




Figure 3.11. Particle size distribution vs. depth for stations NSF_18B_11V (Left) and 
NSF_17B_11V (Right). 
 





Figure 3.13. Particle size distribution vs. depth for stations NSF_12B_11V (Left) and 
NSF_13B_11V (Right). 
 




3.1.4 Trench 2 
Down-trench profile for Trench 2 samples show similar patterns as the T2 and T3 
vibra-cores (Fig. 3.11): sand-sized fraction (40-80%), silt-sized (15-70%), and clay-sized 
fractions (< 10%). 
 
Figure 3.15. Particle size distribution vs. depth, Trench 2. 
 
3.2 Radiochemistry 
3.2.1 Gamma spectrometry 
137Cs and 7Be inventories were determined for all 25 vibra-cores and three wedge 
cores, and are summarized in Appendix B. Tables 3.1, 3.2, and 3.3 summarize 137Cs-
based mean sediment accumulation rates (MARs, LARs) for T1, T2, and T3, 
respectively. Profiles where 137Cs data were insufficient, or too irregular to model rates 
are indicated (ND) (e.g., DOE_1B, NSF_1B, 6B, 8B, 14B, 15B, and 17B). First instances 
of 137Cs at depth in the profiles corresponds to the year 1952, and maximum 137Cs in the 






3.2.1.1 Transect 1 
7Be profiles indicate that recent sediment mixing here is limited to the shallow near-
surface, with the deepest extent of mixing (3 cm) occurring at DOE_7B. 137Cs-based 
sediment accumulation rates were calculated for all T1 cores, modeled from 1952 and 
1963. In the upthrown cores, both the 1952 137Cs-based mean MARs and LARs follow 
similar southward-decreasing trends (toward the surface expression of the fault; 0.63 – 
0.30 g cm-2 y-1; 0.34 – 0.15 cm y-1, respectively). In the downthrown cores, the core 
immediately adjacent to the fault exhibits high mean rates of accumulation (0.47 g cm-2 
y-1, 0.27 cm y-1), which then decrease moving southward (0.28 g cm-2 y-1, 0.20 cm y-1), 
and then increase slightly farther southward (0.33 g cm-2 y-1, 0.40 cm y-1). At T1, 137Cs-
based mean sediment accumulation rates modeled from 1963 could only be determined 
for DOE_3B, 5B, and 7B (all downthrown cores). Mean MARs are within 1σ error of one 
another. Mean LARs illustrate a southward-increasing trend (0.14 – 0.34 cm y-1), similar 
to rates observed from 1952. This is likely due to the deposition of higher-volume, lower-
density sediments, as supported by the bulk density (Appendix A) and particle size data 
(Fig. 3.4). 137Cs-based mean MAR and mean LAR modeled from 1952 for the wedge 
core (DOE_1A_09W) is significantly different than T1 vibra-cores. This could be 
explained by the extent of mixing seen at depth (Fig. 3.19).  
 
 





Figure 3.17. 137Cs profiles for stations DOE_2B_09V (left) and DOE_3B_09V (right).  
 
 
Figure 3.18. 137Cs profiles for stations DOE_4B_09V (left) and DOE_5B_09V (right).  
 
 







Table 3.1 – Summary of T1 137Cs mass accumulation rates (MAR) and linear 














DOE_6B_10V 0.63 ± 0.13 0.34 ± 0.02 ND ND 
DOE_1B_09V 0.33 ± 0.07 0.17 ± 0.02 ND ND 
DOE_2B_09V 0.30 ± 0.06 0.15 ± 0.02 ND ND 
DOE_3B_09V 0.47 ± 0.09 0.27 ± 0.02 0.25 ± 0.05 0.14 ± 0.02 
DOE_4B_09V 0.28 ± 0.06 0.20 ± 0.02 ND ND 
DOE_5B_09V 0.32 ± 0.07 0.29 ± 0.02 0.27 ± 0.05 0.27 ± 0.02 
DOE_7B_09V 0.35 ± 0.07 0.40 ± 0.02 0.25 ± 0.05 0.34 ± 0.02 
DOE_1A_09W 0.79 ± 0.16 0.64 ± 0.02 0.14 ± 0.03 0.14 ± 0.02 
 
3.2.1.2 Transect 2 
7Be profiles at T2 indicate that recent sediment mixing here, if present, was generally 
limited to the shallow near-surface, with the deepest extent of mixing (1 cm) occurring at 
NSF_3B, 4B, and 5B. T2 137Cs-based sediment accumulation rates were modeled from 
1952 and 1963. The 1952 137Cs-based rates were determined for NSF_3B, 4B, 5B 
(upthrown cores), and NSF_7B, and 10B (downthrown cores). In the upthrown cores, 
mean MARs follow a southward-decreasing trend (0.28 – 0.21 g cm-2 y-1). The 1952 
137Cs-based mean rates could not be resolved for several of the downthrown cores. In 
the two resolvable cores, both mean MARs (0.65 – 0.36 g cm-2 y-1), and mean LARs 
(0.53 – 0.35 cm y-1) follow a southward-decreasing trend. Interestingly, NSF_6B 
(immediately adjacent to the fault on the downthrown side) displays little 137Cs (Fig. 
3.22). This could be due to erosion or sediment mixing, or both. The 210Pbxs profile from 
NSF_6B does display evidence of sediment mixing (Fig. 3.38). 137Cs-based sediment 
accumulation rates modeled from 1963 were determined for all T2 cores expect 
NSF_1B, and 6B. The upthrown cores follow a general southward-decreasing trend in 
both mean MARs (0.35 – 0.07 g cm-2 y-1), and mean LARs (0.29 – 0.12 cm y-1). In the 
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downthrown cores, mean MARs (0.69 – 0.41 g cm-2 y-1), and mean LARs (0.53 – 0.42 
cm y-1) follow a general southward-decreasing trend. Mean rates determined from 
NSF_8B seem anomalously low (0.08 g cm-2 y-1; 0.14 cm y-1) as compared to other 
downthrown vibra-cores, and could be due to its lack of a distinguishable 137Cs peak 
(Fig. 3.23). The T2 wedge core (NSF_1_10W) mean MAR modeled from 1952 is lower 
than that at the T1 wedge core (0.59 vs. 0.79 g cm-2 y-1), whilst the mean LAR is higher 
(0.69 vs 0.64 cm y-1) due to the increase in higher-volume, lower-density sediments. 
However, a similar depth of mixing can be seen in DOE_1A_09W, as is evident at 
NSF_1_10W (Fig. 3.25).  
 
Figure 3.20. 137Cs profiles for stations NSF_1B_10V (left) and NSF_2B_10V (right).  
 
 




Figure 3.22. 137Cs profiles for stations NSF_5B_10V (left) and NSF_6B_10V (right).  
 
 
Figure 3.23. 137Cs profiles for stations NSF_7B_10V (left) and NSF_8B_10V (right). 
  
 




Figure 3.25. 137Cs profile for station NSF_1_10W. 
 
Table 3.2 – Summary of T2 137Cs mass accumulation rates (MAR) and linear 














NSF_1B_10V 0.31 ± 0.06 0.24 ± 0.02 ND ND 
NSF_2B_10V ND ND 0.35 ± 0.07 0.29 ± 0.02 
NSF_3B_10V 0.28 ± 0.06 0.20 ± 0.02 0.24 ± 0.04 0.18 ± 0.02 
NSF_4B_10V 0.22 ± 0.04 0.18 ± 0.02 0.06 ± 0.01 0.07 ± 0.02 
NSF_5B_10V 0.21 ± 0.04 0.27 ± 0.02 0.07 ± 0.02 0.12 ± 0.02 
NSF_6B_10V ND ND ND ND 
NSF_7B_10V 0.65 ± 0.16 0.53 ± 0.02 0.69 ± 0.14 0.53 ± 0.02 
NSF_8B_10V 0.30 ± 0.06 0.34 ± 0.02 0.08 ± 0.02 0.14 ± 0.02 
NSF_9B_11V ND ND 0.24 ± 0.05 0.18 ± 0.02 
NSF_10B_11V 0.36 ± 0.07 0.35 ± 0.02 0.41 ± 0.08 0.42 ± 0.02 





3.2.1.3 Transect 3 
7Be profiles at T3 indicate that recent sediment mixing here, if present, is also 
generally limited to the shallow near-surface, with the deepest extent of mixing (1 cm) 
occurring in the upthrown vibra-cores: NSF_18B, 17B, 16B, and 19B. Due to the 
generally poor quality of the profiles, 137Cs-based sediment accumulation rates could 
only be modeled for a few T3 cores. Only NSF_13 had enough data to model rates from 
1952 and 1963. Mean upthrown rates (0.35 g cm-2 y-1; 0.37 cm y-1) seem to be lower as 
compared to mean downthrown rates (0.58 g cm-2 y-1; 0.48 cm y-1). Similar to NSF_6B, 
12B also seems to be significantly mixed before the 1952 first appearance of 137Cs, 
based on its 210Pbxs profile (Fig. 3.28); thus, only 1952 rates are presented in Table 3.3. 
T3 wedge core mean MARs and LARs are not significantly different from T3 vibra-cores. 
Mean MARs and LARs decrease from T1 to T3 wedge cores.  
 
Figure 3.26. 137Cs profiles for stations NSF_18B_11V (left) and NSF_17B_11V (right).  
 
 





Figure 3.28. 137Cs profiles for stations NSF_12B_11V (left) and NSF_13B_11V (right).  
 
Figure 3.29. 137Cs profiles for stations NSF_14B_11V (left) and NSF_15B_11V (right).  
 







Table 3.3 – Summary of T3 137Cs mass accumulation rates (MAR) and linear 














NSF_18B_10V 0.22 ± 0.04 0.25 ± 0.27 ND ND 
NSF_17B_10V 0.30 ± 0.06 0.34 ± 0.02 ND ND 
NSF_16B_10V 0.08 ± 0.02 0.14 ± 0.02 ND ND 
NSF_19B_10V ND ND 0.35 ± 0.07 0.37 ± 0.02 
NSF_12B_10V 0.56 ± 0.11 0.52 ± 0.02 ND ND 
NSF_13B_10V 0.62 ± 0.12 0.48 ± 0.02 0.58 ± 0.12 0.48 ± 0.02 
NSF_14B_10V 0.37 ± 0.07 0.27 ± 0.02 ND ND 
NSF_15B_10V 0.19 ± 0.04 0.18 ± 0.02 ND ND 
NSF_32_12W 0.37 ± 0.07 0.27 ± 0.02 0.25 ± 0.05 0.20 ± 0.02 
  
3.2.2 Alpha spectrometry 
210Pbxs inventories were determined for all 25 vibra-cores and three wedge cores and 
are summarized in Appendix B. The constant flux model allows for determination of 
sediment accumulation rates at discrete cm intervals over the past ~100 years. Tables 
3.4, 3.5, and 3.6 summarize 210Pbxs-based mean sediment accumulation rates (MARs 
and LARs) for T1, T2, and T3, respectively. Errors are reported at 1σ.  
210Pbxs-derived accumulation rates are based on the assumption of constant fallout. 
Drought conditions in the early 2000’s reduced the flow of water through the Colorado 
River basin (LCRA, 2016). However, sediment supply in the nearby lower Trinity River 
was found to have exceeded the transport capacity of the river, even after dam 
construction in 1968 (Phillips et al., 2004). Additionally, United States Geological Survey 
(USGS) (2016) data (Fig. 3.31) show that the Colorado River has generally not 




Figure 3.31. Suspended solids in the Colorado River from 1974 – 1986 (USGS Station:  
08162000 at Wharton, TX), and 1999 to 2010 (USGS Station: 08155400 at Austin, TX) 
(Modified from USGS, 2016).  
 
3.2.2.1 Transect 1 
Average 210Pbxs-based rates at T1 display a similar trend as 137Cs-based rates, 
modeled from 1952, in the upthrown cores. Both mean MARs (0.90 – 0.57 g cm-2 y-1) 
and mean LARs (0.51 – 0.34 cm y-1) illustrate a southward-decreasing trend. In the 
downthrown cores, a similar southward-decreasing trend was also seen (0.65 – 0.17 g 
cm-2 y-1; 0.35 – 0.22 cm y-1). At T1, mean MARs and LARs calculated from 210Pbxs are 
comparable to mean 137Cs-based rates. DOE_1B (Fig. 3.32), 3B (Fig. 3.33), 4B (Fig. 
3.34), and 7B (Fig. 3.35) exhibit shallow mixing depths (1 – 5 cm), however DOE_3B 
exhibits deeper mixing depths (18 – 31 cm). T1 wedge-core (DOE_1A_09W) MAR and 
LAR are not significantly different from T1 vibra-cores.  
210Pbxs-based sediment accumulation rates vs. time for each station were produced 
to supplement mean rates, and provide information on sediment accumulation changes 
at discrete intervals over the past ~100 years (Fig. 3.34, 3.43, and 3.49). All wedge 
cores display increases in both the MARs and LARs through time. Most T1 cores exhibit 
irregular increases in both MARs and LARs over time. DOE_1B (Fig. 3.36) displays a 




Figure 3.32. 210Pbxs profiles for stations DOE_6B_10V (left) and DOE_1B_09V (right). 
 
Figure 3.33. 210Pbxs profiles for stations DOE_2B_09V (left) and DOE_3B_09V (right). 
 









Figure 3.36. Rates of T1 cores sediment accumulation vs. time. Left panels display rates 







Figure 3.36 continued. Rates of T1 cores sediment accumulation vs. time. Left panels 







Figure 3.36 continued. Rates of T1 cores sediment accumulation vs. time. Left panels 





Table 3.4 – Summary of T1 210Pbxs-based mean mass accumulation rates (MAR) and 
linear accumulation rates (LAR), with uncertainties reported at 1σ.  
Station 
210Pbxs MAR 
(g cm-2 y-1) 
210Pbxs LAR 
(cm y-1) 
DOE_6B_10V 0.90 ± 0.72 0.51 ± 0.40 
DOE_1B_09V 0.58 ± 0.23 0.32 ± 0.13 
DOE_2B_09V 0.57 ± 0.27 0.34 ± 0.16 
DOE_3B_09V 0.65 ± 0.22 0.35 ± 0.12 
DOE_4B_09V 0.45 ± 0.09 0.29 ± 0.08 
DOE_5B_09V 0.34 ± 0.18 0.29 ± 0.13 
DOE_7B_09V 0.17 ± 0.05 0.22 ± 0.10 
DOE_1A_10W 0.39 ± 0.27 0.35 ± 0.24 
 
3.2.2.2 Transect 2 
In T2 upthrown cores, average 210Pbxs-based rates exhibit similar trends as 137Cs-
based rates modeled from 1952. Both mean MARs (0.24 – 0.25 g cm-2 y-1) and mean 
LARs (0.18 – 0.24 cm y-1) illustrate a relatively stable trend in the T2 upthrown cores. 
210Pbxs-based rates do not match well with the 137Cs-based rates derived from 1963, 
likely due to the lack of a distinctive 137Cs peak observed at NSF_4B (Fig. 3.21) and 5B 
(Fig. 3.22). In the downthrown cores, a southward-decreasing trend can be seen (0.96 – 
0.32 g cm-2 y-1; 0.67 – 0.35 cm y-1). Like the 137Cs profile (Fig. 3.22), the 210Pbxs profile of 
NSF_6B (Fig. 3.39) also indicates sediment mixing, which could contribute to the high 
210Pbxs-based rates calculated. Interestingly, the T2 wedge core’s (NSF_1_10W) 210Pbxs-
based mean MAR and LAR (0.37 ± 0.12 g cm-2 y-1, 0.53 ± 0.26 cm y-1) are not 
significantly different from the T1 wedge core’s rates (DOE_1A_09W) (0.39 ± 0.27 g cm-2 
y-1, 0.35 ± 0.24 cm y-1).  
Most upthrown T2 cores (NSF_1B, 3B, and 5B) exhibit a general decrease in both 
MARs and LARs over time. In the downthrown cores, most exhibit a general increase in 
both MARs and LARs over time, except at NSF_9B (Fig. 3.43). NSF_9B exhibits a 
dramatic increase in both MARS and LARs at ~60 years BP. MARs for NSF_10B (Fig. 
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3.43) display a non-distinctive pattern (R2 = 0.1632), however the LARs (Fig. 3.43) 
shows an exponential increase over time (R2 = 0.77). Some upthrown and downthrown 
cores (NSF_2B, 4B, and 9B) show heightened (sometimes anomalous) MARs and LARs 
at ~60 years BP. These may be related to a major flood in 1957 (Burnett, 2008), which 
ended a decade-long drought in Texas.  
 
 
Figure 3.37. 210Pbxs profiles for stations NSF_1B_10V (left) and NSF_2B_10V (right). 
 
 





Figure 3.39. 210Pbxs profiles for stations NSF_5B_10V (left) and NSF_6B_10V (right). 
 
 
Figure 3.40. 210Pbxs profiles for stations NSF_7B_10V (left) and NSF_8B_10V (right). 
 
 




























Figure 3.43. Rates of T2 cores sediment accumulation vs. time. Left panels display 








Figure 3.43 continued. Rates of T2 cores sediment accumulation vs. time. Left panels 








Figure 3.43 continued. Rates of T2 cores sediment accumulation vs. time. Left panels 







Figure 3.43 continued. Rates of T2 cores sediment accumulation vs. time. Left panels 
















Table 3.5. – Summary of T2 210Pbxs-based mean mass accumulation rates (MAR) and 
linear accumulation rates (LAR), with uncertainties reported at 1σ.  
 
 
3.2.2.3 Transect 3 
Unlike the 137Cs-based rates, average 210Pbxs-based rates were calculated for all T3 
vibra-cores. In the upthrown cores, both mean MARs (0.15 – 0.34 g cm-2 y-1) and mean 
LARs (0.15 – 0.39 cm y-1) exhibit a southward increasing trend. In the downthrown 
cores, both mean MARs (0.49 – 0.19 g cm-2 y-1) and mean LARs (0.53 – 0.19 cm y-1) 
exhibit a southward decreasing trend. NSF_17B (Fig. 3.44), 19B, 16B (Fig. 3.45), 12B 
(Fig. 3.46), and 14B (Fig. 3.48) all show some evidence of sediment mixing at depth. 
The T3 wedge-core’s (NSF_32_12W) (Fig. 3.48) mean MAR and LAR are not 
significantly different from T3 vibra-cores, except NSF_12B.  
Station 
210Pbxs MAR 
(g cm-2 y-1) 
210Pbxs LAR 
(cm y-1) 
NSF_1B_10V 0.24 ± 0.17 0.18 ± 0.08 
NSF_2B_10V 0.21 ± 0.11 0.17 ± 0.09 
NSF_3B_10V 0.22 ± 0.09 0.15 ± 0.05 
NSF_4B_10V 0.34 ± 0.19 0.25 ± 0.10 
NSF_5B_10V 0.25 ± 0.17 0.24 ± 0.10 
NSF_6B_10V 0.96 ± 0.42 0.67 ± 0.29 
NSF_7B_10V 0.64 ± 0.44 0.55 ± 0.28 
NSF_8B_10V 0.27 ± 0.07 0.30 ± 0.16 
NSF_9B_11V 0.39 ± 0.28 0.26 ± 0.16 
NSF_10B_11V 0.32 ± 0.12 0.35 ± 0.20 
NSF_1_10W 0.37 ± 0.12 0.53 ± 0.26 
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Most upthrown T3 cores exhibit variable MARs and LARs. Interestingly, MARs at 
NSF_16B (Fig. 3.49) are relatively stable over the past 100 years, the LARs displays an 
increase over the past 100 years.   
 
Figure 3.44. 210Pbxs profiles for stations NSF_18B_11V (left) and NSF_17B_11V (right). 
 
 
Figure 3.45. 210Pbxs profiles for stations NSF_16B_11V (left) and NSF_19B_11V (right). 
 





Figure 3.47. 210Pbxs profiles for stations NSF_14B_11V (left) and NSF_15B_11V (right). 
 
 
Figure 3.48. 210Pbxs profile for station NSF_32_12W. 
 
 
Figure 3.49. Rates of T3 cores sediment accumulation vs. time. Left panels display 








Figure 3.49 continued. Rates of T3 cores sediment accumulation vs. time. Left panels 








Figure 3.49 continued. Rates of T3 cores sediment accumulation vs. time. Left panels 






Figure 3.49 continued. Rates of T3 cores sediment accumulation vs. time. Left panels 















Table 3.6 – Summary of T3 210Pbxs-based mean mass accumulation rates (MAR) and 
linear accumulation rates (LAR), with uncertainties reported at 1σ.  
Station 
210Pb MAR 
(g cm-2 y-1) 
210Pb LAR 
(cm y-1) 
NSF_18B_11V 0.15 ± 0.08 0.15 ± 0.07 
NSF_17B_11V 0.27 ± 0.16 0.34 ± 0.23 
NSF_16B_11V 0.29 ± 0.23 0.38 ± 0.25 
NSF_19B_11V 0.34 ± 0.14 0.39 ± 0.09 
NSF_12B_11V 0.46 ± 0.70 0.50 ± 0.52 
NSF_13B_11V 0.25 ± 0.21 0.24 ± 0.23 
NSF_14B_11V 0.36 ± 0.14 0.25 ± 0.09 
NSF_15B_11V 0.19 ± 0.13 0.19 ± 0.11 
NSF_32_12W 0.13 ± 0.07 0.12 ± 0.09 
 
3.3 Clay Mineralogy  
3.3.1 XRD Mineral Identification 
XRD analysis was performed for trench two sediments at 1 cm intervals, to a depth 
of 6 cm (Figs. 3.50 – 3.52). Position, d-spacing, and relative intensities, are presented in 
Appendix C. Table 3.7 summarizes relative percentages of minerals within each sample. 
It is important to note that the relative percentages of kaolinite are exaggerated due to 
the 002 peak of 1.4 nm minerals overlapping with the 001 peak of kaolinite (0.72 nm). 
Over 90% of the clay minerals within these samples were 1.4 nm minerals (Table 
3.7), and Of that, 100% were determined to be smectite. Trace amounts of mica, 
kaolinite, and quartz were also present. All six intervals have similar mineralogy. 
However, from the particle size distribution data (Fig. 3.15), the clay percentage 




Figure 3.50. XRD data from trench two – 1cm (left) and 2 cm (right) intervals. The solid 
line represents Mg-saturated samples at 25°, and the dotted line represents glycolated, 
Mg-saturated samples at 25°. 
 
 
Figure 3.51. XRD data from trench two – 3cm (left) and 4cm (right) intervals. The solid 
lines represent Mg-saturated samples at 25°, and the dotted lines represent glycolated, 





Figure 3.52. XRD data from trench two – 5cm (left) and 6cm (right) intervals. The solid 
lines represent Mg-saturated samples at 25°, and the dotted lines represent glycolated, 
Mg-saturated samples at 25°. 
 
Table 3.7 – Percentages of minerals in trench two samples. 
Minerals 1cm 2cm 3cm 4cm 5cm 6cm 
1.4 nm 
minerals 
93.55% 97.31% 90.94% 93.94% 93.30% 89.82% 
Smectite 100% 100% 100% 100% 100% 100% 
Mica 0.10% 0.59% 1.22% 0.20% 0.66% 2.83% 
Kaolinite 1.22% 2.10% 5.90% 4.20% 4.84% 6.82% 
Quartz 5.11% 0% 1.95% 1.66% 1.20% 0.52% 
 
3.3.2 FTIR 
FTIR analysis was performed on trench two sediments at 1 cm intervals, to a 
maximum depth of 6 cm (Figs. 3.53 – 3.55). The presence or absence of common 
mineral/phyllosilicate vibrations for all trench two samples are displayed in Table 3.8. 
FTIR results are similar to XRD results. The presence of both H-O-H bends and H-O-H 
stretches indicate the presence of water, commonly found in smectite. The largest peak 
for all six samples is at 1000 cm-1 (Si-O stretch), indicating the presence of 
phyllosilicates. Small amounts of kaolinite were observed in all samples, at a diagnostic 
peak at 3696 cm-1. This verifies the presence of kaolinite, as shown by XRD data. Soil 
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organic matter (SOM) is observed in all six samples (1500 cm-1 [Aromatic C = C], 2850 
cm-1 [CH2 symmetric stretch], 2920 cm-1 [CH2 asymmetric stretch], and 2960 cm-1 [CH3 
asymmetric stretch]) (e.g., Bellamy, 1975; Schaumberg et al., 1980; Inbar et al., 1989), 
indicating that organic matter was not completely removed by the H2O2 treatments. The 
1500 cm-1 peak could also indicate carbonates, if they were not removed completely 
from the sample (Silverstein et al., 1981; Vayssilov et al., 2011). However, absorbance 
values decrease from 1 to 6 cm, denoting decreased organic material down section. 
  
 










Figure 3.55. FTIR analysis of clay minerals at trench two – 5cm (left) and 6cm (right) 
intervals. 
 
Table 3.8 – Presence (P) or absence (A) of common mineral/phyllosilicate vibrations 




1cm 2cm 3cm 4cm 5cm 6cm 
Quartz P P P P P P 
O-H bend P P P P P P 
H-O-H bend (water) P P P P P P 
CH2 asymmetric 
stretch 
P P P P P P 
CH3 asymmetric 
stretch 
P P P A A A 
H-O-H stretch (water) P P P P P P 
Gibbsite A A A A A A 
Kaolinite P P P P P P 
 
3.4 Shrink and Swell Potential 
Results of the FSI shrink and swell experiment for trench two samples are listed in 
Appendix D. Table 3.9 and Figure 3.56 summarize the average FSI results of each 
sample. The first 3 cm intervals contain FSI values of 29-35 (Medium expansion 
potential), while the next 3 cm intervals contain FSI values of 12-17 (Low expansion 
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potential). This is supported by the particle size distribution data, which shows a higher 
clay-sized sediment content in the top intervals (Fig. 3.14).  
Results from the linear regression model exhibit correlation between the independent 
variable (compositional differences between the cm interval samples) and the dependent 
variable (FSI). A Pearson’s product moment correlation coefficient (ρ) was determined to 
be -0.75, with an R2 value of 0.56 (56% of the variation seen in FSI can be explained by 
compositional differences between cm intervals). The P value was calculated to be < 
0.01, less than the α value (0.05). Thus, the null hypothesis (no correlation between the 
independent and dependent variable) was rejected.  
 A one-way ANOVA was used in XLSTAT to determine if the mean FSI of each cm 
interval were statistically similar or different. The P value was determined to be 0.0001, 
less than α value (0.05). Thus, the null hypothesis (all the mean FSIs are equal) was 
rejected. A Tukey’s HSD was also computed in XLSTAT to show statistical differences 
between individual groups (Table 3.9). Samples from 1 cm, 2 cm, and 3 cm are not 
statistically different from each other, but they are statistically different from the samples 
at 4 cm, 5 cm, and 6 cm.  
Average FSI values compared with both the 15% NaCl, and 25% NaCl solutions are 
within 1 standard deviation of each other (Table 3.10). A one-way ANOVA was also 
used in XLSTAT to determine statistical similarities or differences between mean FSI 
from use of distilled and saline solutions. P-values of 0.34 and 0.09 were derived for 1 
cm and 2 cm samples, respectively. These P values are greater than the α value (0.05). 
Thus, the null hypothesis (mean FSIs are equal) was not rejected. Results from 1 cm 
and 2 cm Tukey’s HSD test results show there are no statistically significant differences 
in FSI between distilled and saline solutions (Table 3.10 and 3.11). Additionally, 15% 
NaCl and 25% NaCl values are within 1 standard deviation of one another, suggesting 
that the concentration of NaCl does not change the swelling potential, at least between 
























Table 3.9 - Summary of Tukey’s HSD test results from trench two mean FSI values.   
Contrast 
(cm vs. cm) 
Difference Standardized difference P value 
Significant 
(α = 0.05) 
2 vs. 6 22.57 8.33 < 0.0001 Yes 
2 vs. 5 17.18 6.34 < 0.0001 Yes 
2 vs. 4 16.85 6.22 < 0.0001 Yes 
2 vs. 3 5.64 2.08 0.31 No 
2 vs. 1 4.86 1.75 0.51 No 
1 vs. 6 17.71 6.36 < 0.0001 Yes 
1 vs. 5 12.32 4.43 0.001 Yes 
1 vs. 4 11.98 4.31 0.001 Yes 
1 vs. 3 0.77 0.28 1.000 No 
3 vs. 6 16.93 6.25 < 0.0001 Yes 
3 vs. 5 11.55 4.26 0.001 Yes 
3 vs. 4 11.21 4.14 0.002 Yes 
4 vs. 6 5.72 2.11 0.30 No 
4 vs. 5 0.34 0.12 1.000 No 
5 vs. 6 5.39 1.99 0.36 No 
 





(15% NaCl sol.) 
Average FSI 
(25% NaCl sol.) 
1 30.18 ± 6.40 33.75 ± 8.57 35.74 ± 3.38 
2 34.80 ± 7.60 42.64 ± 4.40 42.15 ± 4.28 
3 29.16 ± 8.05 ND ND 
4 17.95 ± 4.13 ND ND 
5 17.62 ± 2.10 ND ND 





Table 3.11 - Summary of Tukey’s HSD test results from 1 cm (distilled), 1 cm (15% 
NaCl), and 1 cm (25% NaCl) mean FSI values.   
Contrast 







(α = 0.05) 
1 (25% NaCl) vs. 
1 (Distilled) 
5.80 1.45 0.34 No 
1 (25% NaCl) vs. 
1 (15% NaCl) 
1.99 0.44 0.90 No 
1 (15% NaCl) vs. 
1 (Distilled) 
3.81 0.95 0.62 No 
 
Table 3.12 - Summary of Tukey’s HSD test results from 2 cm (distilled), 2 cm (15% 
NaCl), and 3 cm (25% NaCl) mean FSI values.   
Contrast 







(α = 0.05) 
2 (15% NaCl) 
vs. 2 (Distilled) 
7.75 2.02 0.14 No 
2 (15% NaCl) 
vs. 2 (25% 
NaCl) 
0.50 0.11 0.99 No 
2 (25% NaCl) 
vs. 2 (Distilled) 


















CHAPTER FOUR: DISCUSSION 
 
4.1 Fault Slip and Sediment Accumulation Rates 
Stratigraphic offsets, and thickening of stratigraphic units on the downthrown extent 
of this fault have been observed at depths up to 75 m, from previous shallow seismic 
reflection surveys (Feagin et al., 2013). Radiocarbon geochronology results indicate that 
maximum Holocene fault displacement at Matagorda Peninsula occurred at T1, followed 
by T2, and T3 (Wolfe, 2014). The observed, minimum (time-integrated) slip rates along 
the Matagorda fault are spatially variable, with a higher rate of slip in the southwest, and 
decreasing slip rates moving to the northeast (Fig. 1.5) (Wolfe, 2014). Increased 
accommodation space should be expected following an increase  in fault slip rate 
(Hardin and Hardin, 1961; Ewing, 1991), which, if large enough, and if no limitations in 
sediment supply can be expected, should change the sediment accumulation rates 
observed (at least over the same time scale as fault slip).  
Mean 210Pbxs-based MARs and LARs were calculated as the mean rate across all 
vibra-cores in each transect. Mean 210Pbxs-based MARs and LARs for vibra-cores and 
wedge cores are summarized in Table 4.1. Figures 4.1 and 4.2 display the mean 210Pbxs-
based MARs and LARs for each transect. Compared to the slip rates across these 
transects (Fig. 1.5), mean MARs show similar behavior. Mean MARs decrease from T1 
to T2, to T3, mirroring the decrease in fault slip rate (Wadsworth, 1953; Hardy and 
Gawthorpe, 1998). Though the general decreasing trend across the three transects can 
be seen in both slip rates and MARs, hypothesis testing was performed to compare the 
slopes of both data sets: 
 Null Hypothesis (H0): β1 = β2 
Alternative Hypothesis (HA): β1 ≠ β2 
α = 0.05 
where β1 is the slope of mean MARs, and β2 is the slope of slip rates.  
𝑧 =  
β1−β2
𝑆𝑏1−𝑏2
                                                       [17] 
where z is the test statistic, and Sb1-b2 is the standard error of the difference between the 
slopes. The z statistic was calculated to be 2.31, yielding a P value of 0.12. This is more 
than the significance value (0.05), indicating that we failed to reject the null hypothesis. 
The slopes between mean MARs and slip rates are statistically the same. Additionally, 
the direct relationship between mean MARs and slip rates can also be seen in Figure 4.5 
(R2 = 0.99): higher slip rate correlates to higher mean MAR.  
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Mean LARs, however, do not exhibit such behavior. Overall, mean LARs remain 
similar across all three transects with a slope of 1 (Fig. 4.2). This is likely due to the 
decrease in bulk density from T1 to T2, to T3 (Table 4.2). This is corroborated by 
physical sedimentology (Appendix A) and lithostratigraphy: increased concentration of 
low bulk density clays and silts in T2 and T3 vibra-cores; and extensive coverage of LF1: 
muddy fine sand with grass fibers in all top sections of T2 and T3 vibra-cores (Fig. 1.7 
and 1.8). Bulk density is critical in determining LARs (recall eq. 3). 
 Intriguingly, mean MARs for the wedge cores (Fig. 4.3) also exhibit similar behavior 
as transect mean MARs: mean MARs decrease from T1 to T3 wedge cores (R2 = 0.79). 
This could be due to (1) wedge cores were collected too close to the Matagorda fault, 
and as such, sediment accumulation rates at these sites are also influenced by fault 
activity; or (2) additional growth faults could be located landward of the Matagorda fault, 
and could be impacting sediment accumulation rates at these sites. Growth faults rarely 
occur singularly; but rather, often form as large, laterally extensive faults, or as groups of 
smaller faults (Worrall and Snelson, 1989; Nelson, 1991). Mean LARs for the wedge 
cores exhibit a similar trend as mean MARs, except for NSF_1_10W’s high LAR values, 
due to its relatively low bulk density.  
Sediment accumulation rates are controlled in part by RSL change with respect to 
the sediment surface (Yeats, 1988; Haq et al., 1987). The rate of RSL rise in this area 
over the last 100 years has been 0.60 cm y-1 (NOAA station ID 8771450) (NCEI, 2016). 
Mean LARs across all transects based on both 137Cs (0.30 cm y-1) and 210Pbxs (0.31 cm 
y-1), are considerably lower than the historical rate of RSL rise. The difference between 
the rate of historical RSL rise and sediment accumulation rates can be also seen in the 
physical sedimentology (Appendix A), and lithostratigraphy (Fig. 1.6, 1.7, 1.8) of T1, T2, 
and T3 vibra-cores. T1, T2, and T3 downthrown vibra-cores all show the presence 
and/or increase in the thickness of finer grained, high bulk density sediment compared to 
their respective upthrown vibra-cores, due to the increase in proximity to base level (Vail 
et al., 1977; Hunt and Tucker, 1992). Tables 4.3, 4.4, and 4.5 display the inventory ratios 
of 137Cs and 210Pbxs at T1, T2, and T3, respectively. Inventory ratios are simple metrics 
that can be used to assess net depositional vs. net erosional sedimentation patterns 
over the past ~100 years: 
𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 (𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑)
𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 (𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑)
                                                 [18] 
The expected inventories from atmospheric deposition alone for 137Cs (132 mBq cm-2) 
and 210Pbxs (533 mBq cm-2) were calculated based on Ravens et al. (2009). A ratio value 
75 
 
above 1 indicates a net depositional environment, while a ratio value below 1 indicates a 
net erosional environment. Table 4.6 summarizes mean inventory ratios from T1, T2, 
and T3 upthrown and downthrown vibra-cores. Both the 137Cs and 210Pbxs calculated 
inventories show that downthrown cores have higher inventory ratios than the upthrown 
cores at T1 and T2. T3 137Cs-based ratios show similar patterns, however 210Pbxs-based 
ratios do not. This could be explained by the presence of sediment mixing at depth 
experienced in both upthrown (NSF_17B, 16B, and 19B) and downthrown (NSF_12B) 
vibra-cores along T3. Sediment mixing affects 210Pbxs total inventories, thus affecting the 
calculation of sediment accumulation rates (Krishnaswami et al., 1980; Olsen et al., 
1985; Anderson and Schiff, 1987). 210Pbxs inventory ratios indicate that T1 and T2 
downthrown cores have been in a net depositional setting for the past ~100 years. 
Discrete sediment accumulation rates over the past ~100 years were modeled using 
210Pbxs. Most T1 vibra-cores shows increasing sediment accumulation over this period. 
This corresponds to Wolfe (2014)’s results, which include evidence of recent fault 
rejuvenation in the past-half century. This pattern was not observed in T2 or T3 vibra-
cores. This suggests that fault activity (slip rate) has not been as impactful on sediment 
accumulation rates across T2 and T3, as it has been across T1. 
 





Figure 4.2. Mean 210Pbxs-based LARs across all transects. 
 
 





Figure 4.4. Mean 210Pbxs-based LARs across wedge cores. 
 
 











Table 4.1 – Mean MARs and LARs for all vibra-cores in T1, T2, T3, and wedge cores. 
Errors are at 1σ. 
Transects Mean MAR (g cm-2 y-1) Mean LAR (cm y-1) 
1 0.49 ± 0.08 0.32 ± 0.05 
DOE_1A_09W 0.39 ± 0.27 0.35 ± 0.24 
2 0.38 ± 0.08 0.31 ± 0.05 
NSF_1_10W 0.37 ± 0.12 0.53 ± 0.26 
3 0.29 ± 0.11 0.31 ± 0.09 
NSF_32_12W 0.13 ± 0.07 0.12 ± 0.09 
 
Table 4.2 – Mean bulk density for all vibra-cores in T1, T2, and T3. 
Transects 





































132.00 1.00 - - 
210Pbxs Atmospheric 
Deposition 
- - 533.00 1.00 
DOE_6B_10V 15.11 0.11 324.78 0.61 
DOE_1B_09V 2.95 0.02 303.96 0.57 
DOE_2B_09V 8.50 0.06 358.40 0.67 
DOE_3B_09V 131.41 0.99 615.94 1.16 
DOE_4B_09V 24.46 0.19 602.85 1.13 
DOE_5B_09V 78.77 0.60 734.88 1.38 
DOE_7B_10V 115.39 0.87 456.12 0.86 


















Table 4.4 – Summary of total 137Cs and 210Pbxs inventories for T2 vibra-cores and wedge 














132.00 1.00 - - 
210Pbxs Atmospheric 
Deposition 
- - 533.00 1.00 
NSF_1B_10V 72.40 0.55 338.37 0.63 
NSF_2B_10V 258.1 1.96 329.07 0.62 
NSF_3B_10V 51.55 0.39 320.09 0.60 
NSF_4B_10V 27.75 0.21 488.58 0.92 
NSF_5B_10V 32.34 0.25 681.33 1.28 
NSF_6B_10V ND ND 658.58 1.24 
NSF_7B_10V 114.09 0.86 487.17 0.91 
NSF_8B_10V 41.08 0.31 814.67 1.53 
NSF_9B_11V 92.66 0.70 510.86 0.96 
NSF_10B_11V 111.04 0.84 796.36 1.49 














Table 4.5 – Summary of total 137Cs and 210Pbxs inventories for T3 vibra-cores and wedge 














132.00 1.00 - - 
210Pbxs Atmospheric 
Deposition 
- - 533.00 1.00 
NSF_18B_11V 19.89 0.15 263.49 0.49 
NSF_17B_11V 32.61 0.25 728.47 1.37 
NSF_16B_11V 26.77 0.20 187.45 0.35 
NSF_19B_11V 32.61 0.25 150.29 0.28 
NSF_12B_11V 25.10 0.19 94.79 0.18 
NSF_13B_11V 90.61 0.69 190.55 0.36 
NSF_14B_11V ND ND 202.67 0.38 
NSF_15B_11V ND ND 92.00 0.17 
NSF_32_12W 72.57 0.55 468.80 0.88 
 
Table 4.6 – Summary of mean upthrown and downthrown radionuclide inventory ratios 
for T1, T2, and T3 based on 137Cs and 210Pbxs from vibra-cores.  
Transects 
137Cs – derived 
mean ratios 
210Pbxs – derived 
mean ratios 
1 - Upthrown 0.06 0.62 
1 - Downthrown 0.66 1.13 
2 – Upthrown 0.67 0.81 
2 – Downthrown 0.68 1.22 
3 – Upthrown 0.21 0.62 






4.2 Elevation and Sediment Accumulation 
Generally, as elevation increases, 210Pbxs and 137Cs-based sediment MARs and 
LARs should decrease (e.g., Hatton et al., 1983; Calloway et al., 1997; DeLaune et al., 
1999). Core station elevation measurements were taken at the time of core retrieval 
(2009 – 2011). RSET (rod surface-elevation table) (Cahoon et al., 2002), Total Station 
(2009, 2010), and a Trimble R2 unit (2011) were used to collect elevation data. The 
RSET method was developed specifically to allow for elevation measurements through 
time in a wetland environment. It utilizes a permanent benchmark, composed of a PVC 
pipe buried 50 cm deep to track relative elevation changes. The PVC pipe is filled with 
concrete to minimize lateral movement of the rod (Cahoon et al., 2002). All core 
elevations were vertically referenced to NAVD 88. Core elevations (Wolfe, 2014) are 
summarized in Appendix E. Figures 4.6, 4.7 and 4.8 show relationships between 210Pbxs-
based MARs and LARs and core elevations. 210Pbxs-based MARs and LARs were used 
due to their completeness, as compared to 137Cs-based accumulation rates. There are 
significant correlations between sediment MARs and LARs and core elevations, as seen 
from the strong R2 values.  
For T1 (Fig. 4.6), the upthrown cores follow convention: as core station elevations 
increase, both MARs and LARs decrease. Conversely, in T1 downthrown vibra-cores, 
the opposite was observed. The lithostratigraphy of T1 (Fig. 1.6) illustrates that 
downthrown core elevations decrease away from the fault. For syndepositional faults, 
locations near the fault on the downthrown side generally have higher MARs and LARs 
due to the increase in accommodation space (Hardin and Hardin, 1961; Ewing, 1991). At 
T2 (Fig. 4.7) vibra-core elevations vs. MARs and LARs follow convention: as vibra-core 
elevation increases, both MARs and LARs decrease. Vibra-core elevations are lowest 
near the fault, and generally increase away from the fault. The higher R2 value (0.61) 
observed when comparing elevation vs. T2 upthrown LARs, compared to the R2 value 
(0.13) observed when comparing elevation vs. T2 upthrown MARs reflects differences in 
bulk density among the T2 upthrown cores. This is also supported by physical 
sedimentology data (Appendix A). 
Similar to T1, at T3 (Fig. 4.8) upthrown vibra-core elevations increase toward the 
fault. However, unlike T1, T3 upthrown MARs and LARs increase with elevation (R2 = 
0.86, and 0.72, respectively). This could be explained by elevation variances within the 
three transects. The range of elevation of upthrown vibra-cores at T3 is 0.11 m, while 
this range is greater at both T1 (0.13 m) and T2 (0.71 m). An increased range of 
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elevation also increases the range of sediment accumulation rates expressed. This 
makes modeling the relationship between elevation and sediment accumulation rates 
easier, leading to a stronger expressed relationship as seen in T2 (LAR R2 = 0.61) 
compared to T1 (LAR R2 = 0.37). Additionally, though T1 and T3 upthrown vibra-core 
elevation ranges are similar, the elevation ranges between the upthrown and 
downthrown sides are greater in T1 (0.64 m) than T3 (0.15 m). Due to the relatively 
small elevation difference between the upthrown and downthrown sides at T3, sediment 
erosion at T3 is unlikely to have been caused by changes in elevation. Rather, erosion is 
focused near water edges, and elevation is a relative indicator of distance from existing 
water bodies. In general then, downthrown MARs and LARs behave as expected, 
showing decreasing sediment accumulation rates with increasing elevation.  
Change in depositional environment (edge effects) is a likely contributing factor in 
explaining anomalous accumulation rates, such as those at NSF_9B (low LAR value) 
and 15B (low MAR and LAR values). The size and composition of sediment being 
deposited changes with different depositional environments: e.g., more densely 
vegetated and more frequently inundated areas often yield finer grained and more 
organic rich materials (e.g., Southard, 1975; Boyd et al., 1992; Boggs, 2006). This is 
reflected here by the fining-upward sequences in near surface sediments  of some of 
these cores (Fig. 3.9 and 3.14, respectively). Satellite imagery (Google Earth, 2014) 
shows that NSF_9B_10V was collected in a depositional environment located between 
two bodies of water. Images from 2011 and 2013 show changes in the extent of these 
bodies of water: NSF_9B_10V is closer to the northern bodies of water in 2011, 
compared to 2013 (Fig. 4.9). Both physical sedimentology (Fig. 3.9) and radiochemical 
data (Fig. 3.40) show that the top 5 cm (the last 10 years BP from 210Pbxs modeling) is 
heavily mixed. This is likely a result of edge effects, including tidal inundation, wave 
















































Figure 4.9. Satellite imagery of station NSF_9B from 2011 (above), and 2013 (below). 
Imagery courtesy of Google Earth (2014).  
 
4.3 Clay Mineralogy and Expansiveness  
Expansive clays have been noted in several studies of the Texas Coast Prairie (e.g., 
Gustavson, 1975; Gustavson and Kreitler, 1976; Diamond and Smeins, 1984; Nordt et 
al., 2004). However, expansive clays and their effects have not been well documented in 
the Texas Coast Saline Prairies (e.g., East Matagorda Bay). At T1, T2, and T3, particle 
size distribution data show that the clay-sized fraction is generally < 5%. However, there 
may be a direct relationship (R2 = 0.48) between clay-sized content and mean FSI (Fig. 
4.10). The maximum clay-sized fraction at trench two was 6.26% at depth (Fig. 3.15). 
However, the clay-sized fraction in the upper 20 cm, especially in T2 and T3 vibra-cores, 
ranged from 5% - 20% (Appendix A). Much larger amounts of clay-sized sediment are 
also observed, e.g., NSF_15B, with as much as 40% clay in the upper 30 cm; NSF_13B, 
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with as much as 50% clay in the upper 10 cm; and DOE_5B, with as much as 75% clay 
at ~38 cm, and others. Therefore, swelling potential would be much greater in intervals 
with higher clay-sized contents than those documented at trench two. 
An estimation of maximum volume change for trench two samples can be 











𝑛=1 × 100%                                                   [19] 
where n is the weight of each cm interval (10.00 g), 𝜇𝑛𝑉 is the mean volume after free-
swell testing of the n cm interval, and 𝜌𝑛𝑏 is the bulk density of the n cm interval. 
This formula requires two assumptions: (1) favorable climate conditions that would 
produce water contents in samples from 0 to 100%, and (2) no spatial/volumetric 
restraints on swelling laterally or vertically for each cm interval, even at depth. The 
results are summarized in Table 4.7. Total maximum volume change for trench two 
sediment samples could reach 208.13% over only six centimeters of depth. Determining 
vertical changes and restraining variables is beyond the scope of this thesis, but is an 
issue that warrants future research. 
Results from XRD, FTIR, and FSI analyses show that expansive clay minerals are 
present at the study site. FSI results show that sediment, especially in the upper 3 cm, 
are of medium-swelling potential. Quantification of swelling through reconstruction of the 
stratigraphy with trench two sediments was attempted but results were inconclusive. The 
challenges of quantification through stratigraphic reconstruction include accurately 
portraying the original characteristics (e.g., pore water pressure, porosity).  
Relative elevation change data (Feagin et al., 2013) derived from R1 (Fig. 1.9), and 
regional precipitation data are summarized in Table 4.7. R1 (lat. 28.607055, long. -
95.969201) is located approximately 550 m southwest of T1. Elevation was surveyed 
annually from May, 2010 to April, 2014 (not including 2013). Relative elevation changes 
(2007-2011) were measured using benchmarks and collected by Total Station and 
traditional land surveying methods (Cahoon et al., 2002). A linear regression analysis 
between the independent variable (precipitation) and dependent variable (elevation) was 
completed in XLSTAT to test: 
Null Hypothesis (H0): ρ = 0 
Alternative Hypothesis (HA): ρ ≠ 0 
α = 0.05 
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where ρ is the correlation coefficient and α is the significance level. Assumptions made 
include: (1) sample pairs are independent; and (2) sample pairs are random from a 
bivariate normal distribution. Correlation between precipitation data from NOAA’s Global 
Historical Climatology Network (GHCND) (Station ID: USW00012935 near Palacios, TX) 
and R1 relative elevation change data is present (ρ = 0.402), and it is statistically 
significant at α = 0.05 (P value of < 0.01) (Fig. 4.11). This signifies that there is some 
relationship between the amounts of precipitation and elevation change: as precipitation 
increases, elevation also increases. However, the increase in precipitation only explains 
16.1% (R2 value) of the variations in elevation observed.  
  
 




Figure 4.11. Precipitation vs. elevation at R1, displaying 95% confidence interval 
envelopes. 
 










1 13.70 0.94 28.10 
2 13.55 1.01 36.31 
3 13.64 1.05 42.81 
4 12.16 1.02 23.91 
5 11.83 1.16 37.46 
6 11.28 1.24 39.53 



























Precipitation vs. Elevation: R² = 0.161
Model(Elevation (m)) Conf. interval (Mean 95%)
Conf. interval (Obs 95%)
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CHAPTER FIVE: CONCLUSIONS 
This thesis is part of a continuing research effort to understand sedimentary 
responses to active coastal growth faulting in passive margin settings, particularly in the 
GoMx, and acknowledge the presence of expansive clays and their possible effects on 
land surface elevations directly, and perhaps on sediment accumulation rates, indirectly. 
The conclusions of this study successfully support the research hypotheses. Detailed 
particle size distributions, coupled with high-resolution radiochemistry, provided insights 
into sedimentation responses to variations in fault slip rates over the last ~100 years. 
Analyses of clay mineralogy by XRD and FTIR, combined with shrink-and-swell 
experiments, have described the presence and behavior of expansive clay minerals. The 
critical findings of this thesis, specifically related to the hypotheses and objectives, are: 
(1) According to sediment accumulation rates derived using fallout-radionuclides,  
coupling between fault slip rates at the Matagorda Fault, and sediment 
accumulation rates is present along strike. Higher, long-term slip rates at T1 
produced higher sediment accumulation rates at T1, as compared to T2, and at 
T2, as compared to T3. Radionuclide inventory ratios reveal net erosion in 
upthrown cores on all three 3 transects. Although downthrown vibra-cores of T1 
and T2 display net accumulation, LARs are significantly lower than RSL rise 
rates in the area. No uniform sediment accumulation patterns are evident in 
vibra-cores from all three transects during the past ~100 years, from the 210Pbxs 
models.  
(2) Elevation versus sediment accumulation rates (MARs and LARs) indicate  
that as elevation decreases, sediment accumulation rates here increase.  
However, due to the presence of and motion along the Matagorda  
Fault, sediment accumulation rates have been amplified adjacent to the fault,  
on the downthrown side. Additionally, elevation is not the sole influence on 
sediment accumulation rates along the transects. Distance to water bodies, and 
landscape edge effects play important roles in affecting sediment accumulation 
rates as well.  
(3) According to mineralogical analyses and shrink-and-swell experiments,  
expansive clay minerals are present in near-surface sediments at East  
Matagorda Peninsula, with most clay minerals being expansive clays. Maximum 
potential volume change in the upper 6 cm sediment interval can range up to > 
200%. Correlation exists between precipitation and elevation change data at R1. 
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However, only 16.1% of the variations in elevation were explained by changes in 
precipitation.  
Though this work provides a foundation in understanding sedimentary responses in 
relation to the Matagorda Fault, and behavior of expansive clays along the Texas Gulf 
Coast, future work is needed to further address both topics. Additional in-depth survey 
work (elevation, porosity, sediment water content, precipitation) should be conducted at 
the East Matagorda Peninsula to quantify the effect of expansive clays and its effects on 










































CHAPTER SIX: APPENDICES 
 
 
Appendix A: Sediment Physical Properties 
 
DOE_6B_10V 
     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.263 1.841 1.841 ± 0.184 74.31 23.91 1.78 
1-2 0.253 1.867 3.708 ± 0.371 69.55 28.69 1.76 
2-3 0.256 1.858 5.566 ± 0.557 70.87 27.79 1.34 
3-4 0.257 1.857 7.423 ± 0.742 68.45 28.73 2.82 
4-5 0.278 1.803 9.226 ± 0.923 56.33 37.71 5.96 
5-6 0.255 1.861 11.087 ± 1.109 67.23 31.11 1.66 
6-7 0.258 1.852 12.939 ± 1.294 65.85 31.51 2.64 
7-8 0.266 1.835 14.774 ± 1.477 64.49 33.77 1.74 
8-9 0.273 1.816 16.59 ± 1.659 70.6 26.94 2.46 
9-10 0.277 1.805 18.395 ± 1.84 64.23 32.88 2.89 
10-11 0.281 1.796 20.191 ± 2.019 75.5 22.77 1.73 
11-12 0.289 1.775 21.966 ± 2.197 69.36 26.99 3.65 
12-13 0.304 1.738 23.704 ± 2.37 70.25 25.47 4.28 
13-14 0.330 1.674 25.378 ± 2.538 62.62 33.45 3.93 
14-15 0.316 1.709 27.087 ± 2.709 64.21 31.26 4.53 
15-16 0.316 1.709 28.795 ± 2.88 66.03 29.72 4.25 
16-17 0.315 1.711 30.507 ± 3.051 70.01 26.5 3.49 
17-18 0.319 1.702 32.209 ± 3.221 73.02 24.23 2.75 
18-19 0.318 1.704 33.913 ± 3.391 72.95 23.33 3.72 
19-20 0.310 1.723 35.636 ± 3.564 62.09 33.89 4.02 
20-21 0.321 1.696 37.332 ± 3.733 67.1 29.13 3.77 
21-22 0.326 1.684 39.016 ± 3.902 69.32 26.99 3.69 
22-23 0.326 1.684 40.699 ± 4.07 74.73 22.55 2.72 
23-24 0.323 1.692 42.392 ± 4.239 67.22 30 2.78 
24-25 0.322 1.695 44.087 ± 4.409 64.09 30.31 5.6 
25-26 0.317 1.706 45.793 ± 4.579 66.1 30.63 3.27 
26-27 0.313 1.716 47.509 ± 4.751 72.21 24.49 3.3 
27-28 0.313 1.717 49.225 ± 4.923 58.97 33.93 7.1 
28-29 0.305 1.737 50.963 ± 5.096 67.86 29.22 2.92 
29-30 0.302 1.745 52.707 ± 5.271 69.13 26.98 3.89 
30-31 0.302 1.746 54.453 ± 5.445 65.32 28.76 5.92 
31-32 0.305 1.736 56.189 ± 5.619 63.22 32.59 4.19 
32-33 0.304 1.739 57.928 ± 5.793 60.04 33.95 6.01 
33-34 0.304 1.741 59.669 ± 5.967 68.51 27.23 4.26 
34-35 0.305 1.737 61.406 ± 6.141 63.75 31.21 5.04 
35-36 0.302 1.745 63.151 ± 6.315 68.08 28.65 3.27 
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36-37 0.301 1.747 64.898 ± 6.49 64.8 28.84 6.36 
37-38 0.300 1.748 66.646 ± 6.665 65.61 29.3 5.09 
38-39 0.299 1.753 68.399 ± 6.84 49.06 36.26 14.68 
39-40 0.289 1.776 70.175 ± 7.018 60.4 36.3 3.3 
40-41 0.298 1.755 71.931 ± 7.193 58.73 37.43 3.84 
41-42 0.302 1.744 73.675 ± 7.367 69.32 25.42 5.26 
42-43 0.301 1.746 75.421 ± 7.542 51.09 44.95 3.96 
43-44 0.298 1.755 77.176 ± 7.718 74.8 21.06 4.14 
44-45 0.295 1.762 78.938 ± 7.894 40.9 46.48 12.62 
45-46 0.292 1.770 80.707 ± 8.071 49.31 42.48 8.21 
46-47 0.290 1.775 82.483 ± 8.248 63.74 33.4 2.86 
47-48 0.290 1.774 84.256 ± 8.426 66.31 30.38 3.31 
48-49 0.286 1.784 86.04 ± 8.604 70.98 25.72 3.3 
49-50 0.285 1.787 87.827 ± 8.783 72.45 23.28 4.27 
50-52 0.279 1.802 91.432 ± 9.143 70.69 24.54 4.77 
52-54 0.283 1.792 95.016 ± 9.502 78.07 18.95 2.98 
54-56 0.282 1.796 98.607 ± 9.861 76.35 20.62 3.03 
56-58 0.277 1.807 102.222 ± 10.22 71.98 24.79 3.23 
58-60 0.275 1.811 105.844 ± 10.58 64.33 30 5.67 
60-62 0.278 1.806 109.456 ± 10.94 79.31 16.44 4.25 
62-64 0.279 1.803 113.063 ± 11.30 75.61 19.74 4.65 
64-66 0.276 1.809 116.681 ± 11.66 69.06 26.66 4.28 
66-68 0.276 1.809 120.3 ± 12.0 87.4 10.47 2.13 
68-70 0.278 1.804 123.908 ± 12.39 65.9 28.37 5.73 
70-72 0.277 1.808 127.524 ± 12.75 82.77 14.51 2.72 
72-74 0.338 1.655 130.835 ± 13.08 74.18 23.02 2.8 
74-76 0.285 1.788 134.411 ± 13.44 75.97 21.36 2.67 
76-78 0.289 1.778 137.968 ± 13.79 72.57 24.09 3.34 
78-80 0.284 1.791 141.55 ± 14.155 70.83 26.29 2.88 
80-82 0.285 1.788 145.126 ± 14.51 75.49 20.67 3.84 
82-84 0.288 1.780 148.685 ± 14.86 68.39 28.2 3.41 
84-86 0.293 1.767 152.218 ± 15.22 74.15 22.56 3.29 
86-88 0.297 1.759 155.736 ± 15.57 85.33 12.28 2.39 
88-90 0.296 1.760 159.255 ± 15.92 75.82 18.94 5.24 
90-92 0.292 1.769 162.793 ± 16.27 87.52 10.76 1.72 
92-94 0.292 1.770 166.333 ± 16.63 87.56 10.25 2.19 
94-96 0.289 1.777 169.887 ± 16.98 79.21 17.55 3.24 
96-98 0.291 1.772 173.432 ± 17.34 88.73 10.14 1.13 








     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.257 1.855 1.855 ± 0.185 64.32 33.19 2.49 
1-2 0.245 1.886 3.741 ± 0.374 64.6 32.34 3.06 
2-3 0.251 1.870 5.611 ± 0.561 61.05 35.68 3.27 
3-4 0.247 1.878 7.489 ± 0.749 59.52 35.85 4.63 
4-5 0.244 1.887 9.376 ± 0.938 63.85 32.88 3.27 
5-6 0.251 1.870 11.246 ± 1.125 60.67 35.5 3.82 
6-7 0.254 1.862 13.108 ± 1.311 66.79 29.77 3.45 
7-8 0.254 1.862 14.97 ± 1.497 69.64 27.31 3.05 
8-9 0.260 1.847 16.816 ± 1.682 67.36 29.6 3.04 
9-10 0.263 1.840 18.657 ± 1.866 74.24 23.18 2.58 
10-11 0.270 1.823 20.48 ± 2.048 72.85 24.37 2.78 
11-12 0.267 1.830 22.31 ± 2.231 72.5 24.93 2.57 
12-13 0.275 1.811 24.122 ± 2.412 74.96 22.53 2.51 
13-14 0.290 1.774 25.896 ± 2.59 69.88 26.4 3.73 
14-15 0.291 1.770 27.666 ± 2.767 65.32 30.72 3.96 
15-16 0.294 1.763 29.429 ± 2.943 69.58 26 4.42 
16-17 0.296 1.757 31.186 ± 3.119 67.16 28.37 4.47 
17-18 0.301 1.746 32.932 ± 3.293 66.34 29.23 4.43 
18-19 0.302 1.744 34.676 ± 3.468 70.93 25.38 3.68 
19-20 0.304 1.740 36.416 ± 3.642 72.11 24.27 3.62 
20-21 0.308 1.728 38.144 ± 3.814 76.33 20.37 3.29 
21-22 0.308 1.728 39.871 ± 3.987 75.09 21.2 3.71 
22-23 0.310 1.725 41.596 ± 4.16 79.07 18.05 2.88 
23-24 0.312 1.720 43.316 ± 4.332 76.15 20.77 3.08 
24-25 0.310 1.725 45.041 ± 4.504 75.6 20.82 3.58 
25-26 0.309 1.728 46.769 ± 4.677 70.35 26.3 3.34 
26-27 0.305 1.737 48.506 ± 4.851 74.89 22.48 2.63 
27-28 0.302 1.745 50.251 ± 5.025 69.44 26.71 3.85 
28-29 0.303 1.743 51.994 ± 5.199 73.96 22.47 3.57 
29-30 0.302 1.744 53.738 ± 5.374 75.64 21.19 3.16 
30-31 0.301 1.746 55.484 ± 5.548 78.41 18.94 2.65 
31-32 0.302 1.745 57.23 ± 5.723 77.96 19.06 2.99 
32-33 0.300 1.748 58.978 ± 5.898 76.43 20.86 2.71 
33-34 0.300 1.749 60.727 ± 6.073 78.81 18.72 2.46 
34-35 0.303 1.741 62.468 ± 6.247 77.23 19.86 2.91 
35-36 0.280 1.799 64.267 ± 6.427 74.51 22.05 3.44 
36-37 0.286 1.785 66.052 ± 6.605 78.08 18.55 3.36 
37-38 0.283 1.791 67.843 ± 6.784 76.57 20.57 2.85 
38-39 0.286 1.785 69.628 ± 6.963 76.88 20.51 2.61 
39-40 0.289 1.777 71.406 ± 7.141 77.05 19.78 3.17 
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40-41 0.289 1.777 73.183 ± 7.318 71.49 24.83 3.68 
41-42 0.295 1.763 74.945 ± 7.495 73.68 23.66 2.65 
42-43 0.296 1.760 76.706 ± 7.671 73.18 23.37 3.45 
43-44 0.292 1.769 78.475 ± 7.847 75.4 20.48 4.12 
44-45 0.295 1.761 80.235 ± 8.024 66.63 29.45 3.92 
45-46 0.288 1.778 82.013 ± 8.201 71.91 24.8 3.29 
46-47 0.293 1.766 83.779 ± 8.378 76.46 20.56 2.98 
47-48 0.292 1.770 85.55 ± 8.555 73.52 22.96 3.52 
48-49 0.293 1.768 87.317 ± 8.732 76.26 21.06 2.68 
49-50 0.289 1.776 89.094 ± 8.909 73.72 21.95 4.34 
50-52 0.292 1.769 92.631 ± 9.263 74.86 21.86 3.28 
52-54 0.288 1.780 96.192 ± 9.619 79.61 16.98 3.41 
54-56 0.285 1.787 99.766 ± 9.977 81.38 15.78 2.84 
56-58 0.284 1.790 103.347 ± 10.33 74.17 21.37 4.46 
58-60 0.283 1.792 106.931 ± 10.69 75.88 21.23 2.89 
60-62 0.278 1.804 110.539 ± 11.05 77.43 19.8 2.76 
62-64 0.281 1.796 114.13 ± 11.413 77.85 18.99 3.16 
64-66 0.278 1.804 117.738 ± 11.77 81.92 15.78 2.3 
66-68 0.279 1.803 121.343 ± 12.13 80.82 17.13 2.06 
68-70 0.277 1.808 124.958 ± 12.49 81.18 16.57 2.25 
70-72 0.273 1.818 128.595 ± 12.85 77.14 19.96 2.9 
72-74 0.278 1.806 132.207 ± 13.22 81.15 16.8 2.04 
74-76 0.279 1.803 135.813 ± 13.58 75.96 19.91 4.13 
76-78 0.287 1.782 139.377 ± 13.93 82.18 15.64 2.18 
78-80 0.287 1.783 142.942 ± 14.29 80.49 16.96 2.55 
80-82 0.283 1.791 146.525 ± 14.65 79.6 17.6 2.8 
82-84 0.282 1.796 150.117 ± 15.01 78.58 18.58 2.84 
84-86 0.278 1.805 153.727 ± 15.37 78.78 18.8 2.42 
86-88 0.277 1.807 157.342 ± 15.73 71.3 24.28 4.42 
88-90 0.270 1.826 160.994 ± 16.09 86.75 11.9 1.35 
90-92 0.269 1.827 164.648 ± 16.46 85.2 13.6 1.2 
92-94 0.278 1.806 168.259 ± 16.82 85.12 13.48 1.4 
94-96 0.279 1.803 171.865 ± 17.18 95.68 3.58 0.74 
96-98 0.283 1.793 175.451 ± 17.54 91.64 7.49 0.87 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.244 1.886 1.886 ± 0.189 67.18 30.29 2.53 
1-2 0.237 1.904 3.79 ± 0.379 62.91 33.92 3.17 
2-3 0.244 1.889 5.678 ± 0.568 66.64 30.19 3.17 
3-4 0.242 1.892 7.571 ± 0.757 63.93 33.75 2.33 
4-5 0.238 1.903 9.474 ± 0.947 65.37 31.93 2.69 
5-6 0.246 1.882 11.356 ± 1.136 69.13 28.35 2.51 
6-7 0.242 1.893 13.249 ± 1.325 72.42 25.24 2.34 
7-8 0.238 1.905 15.154 ± 1.515 70.31 27.06 2.62 
8-9 0.225 1.934 17.088 ± 1.709 71.63 26.16 2.21 
9-10 0.233 1.915 19.004 ± 1.9 71.28 26.4 2.32 
10-11 0.244 1.888 20.892 ± 2.089 71.73 25.83 2.44 
11-12 0.238 1.904 22.795 ± 2.28 73.42 24.01 2.56 
12-13 0.242 1.894 24.689 ± 2.469 74.45 23.3 2.25 
13-14 0.244 1.889 26.579 ± 2.658 76.38 21.27 2.35 
14-15 0.258 1.854 28.433 ± 2.843 76.63 20.86 2.51 
15-16 0.271 1.821 30.254 ± 3.025 71.35 25.23 3.42 
16-17 0.268 1.829 32.083 ± 3.208 70.93 25.05 4.02 
17-18 0.269 1.827 33.91 ± 3.391 69.54 27 3.46 
18-19 0.272 1.819 35.728 ± 3.573 70.03 26.55 3.43 
19-20 0.274 1.814 37.542 ± 3.754 72.12 23.24 4.65 
20-21 0.280 1.799 39.341 ± 3.934 76.99 18.47 4.54 
21-22 0.277 1.805 41.146 ± 4.115 81.69 14.85 3.46 
22-23 0.277 1.806 42.953 ± 4.295 78.45 17.37 4.19 
23-24 0.283 1.793 44.745 ± 4.475 79.62 15.9 4.49 
24-25 0.281 1.797 46.542 ± 4.654 78.83 16.04 5.14 
25-26 0.289 1.777 48.32 ± 4.832 82.24 14.92 2.84 
26-27 0.288 1.780 50.099 ± 5.01 86.42 11.01 2.57 
27-28 0.285 1.786 51.886 ± 5.189 78.9 16.89 4.21 
28-29 0.284 1.791 53.676 ± 5.368 81.49 15.11 3.4 
29-30 0.281 1.797 55.473 ± 5.547 84.55 12.61 2.84 
30-31 0.288 1.780 57.252 ± 5.725 85.7 11.13 3.16 
31-32 0.284 1.790 59.043 ± 5.904 87.93 10.11 1.96 
32-33 0.286 1.785 60.828 ± 6.083 84.08 13.41 2.51 
33-34 0.282 1.794 62.622 ± 6.262 85.92 11.75 2.33 
34-35 0.284 1.789 64.411 ± 6.441 85.73 11.65 2.62 
35-36 0.267 1.832 66.244 ± 6.624 85.46 12.65 1.89 
36-37 0.275 1.813 68.056 ± 6.806 81.93 16.04 2.03 
37-38 0.276 1.808 69.865 ± 6.986 82.26 16.46 1.28 
38-39 0.281 1.796 71.661 ± 7.166 85.9 12.4 1.7 
39-40 0.274 1.816 73.477 ± 7.348 86.77 11.63 1.6 
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40-41 0.276 1.809 75.286 ± 7.529 87.5 10.67 1.84 
41-42 0.273 1.818 77.104 ± 7.71 82.18 16.44 1.38 
42-43 0.275 1.813 78.917 ± 7.892 86.82 11.99 1.2 
43-44 0.275 1.811 80.728 ± 8.073 85.38 13.35 1.27 
44-45 0.272 1.818 82.547 ± 8.255 87.91 10.68 1.41 
45-46 0.278 1.805 84.352 ± 8.435 88.99 10.02 0.99 
46-47 0.277 1.806 86.158 ± 8.616 83.43 15.2 1.37 
47-48 0.279 1.803 87.961 ± 8.796 87.97 10.68 1.35 
48-49 0.131 2.172 90.133 ± 9.013 86.77 11.62 1.61 
49-50 0.390 1.524 91.658 ± 9.166 85.58 12.95 1.47 
50-52 0.290 1.774 95.206 ± 9.521 87.37 10.82 1.81 
52-54 0.285 1.786 98.779 ± 9.878 89.94 8.87 1.18 
54-56 0.284 1.791 102.36 ± 10.236 85.54 12.91 1.55 
56-58 0.280 1.799 105.959 ± 10.59 88.79 9.65 1.57 
58-60 0.275 1.811 109.582 ± 10.95 91.88 6.6 1.53 
60-62 0.279 1.801 113.184 ± 11.31 93.55 5.56 0.89 
62-64 0.282 1.796 116.775 ± 11.67 88.84 8.89 2.27 
64-66 0.280 1.800 120.374 ± 12.03 87.37 10.65 1.99 
66-68 0.283 1.791 123.957 ± 12.39 87.51 10.5 1.99 
68-70 0.285 1.788 127.533 ± 12.75 87.93 10.04 2.03 
70-72 0.284 1.789 131.111 ± 13.11 87.62 10.74 1.63 
72-74 0.285 1.788 134.686 ± 13.46 86.28 11.78 1.94 
74-76 0.289 1.777 138.24 ± 13.824 86.55 11.3 2.15 
76-78 0.290 1.775 141.79 ± 14.179 91.79 6.95 1.27 
78-80 0.292 1.770 145.33 ± 14.533 85.68 12.61 1.71 
80-82 0.293 1.768 148.866 ± 14.88 83.93 14.18 1.89 
82-84 0.295 1.763 152.391 ± 15.23 85.69 13.07 1.25 
84-86 0.297 1.757 155.905 ± 15.59 82.99 15.47 1.54 
86-88 0.296 1.761 159.426 ± 15.94 92.58 6.62 0.81 
88-90 0.294 1.765 162.955 ± 16.29 86.42 12.14 1.43 
90-92 0.284 1.789 166.534 ± 16.65 88.46 10.07 1.47 
92-94 0.284 1.790 170.114 ± 17.01 98.45 1.55 0 
94-96 0.291 1.772 173.658 ± 17.36 84.63 13.42 1.95 
96-98 0.292 1.769 177.195 ± 17.72 86.52 11.98 1.5 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.446 1.385 1.385 ± 0.139 88.43 10.64 0.93 
1-2 0.365 1.584 2.97 ± 0.297 75.72 22.39 1.89 
2-3 0.307 1.731 4.701 ± 0.47 75.72 21.94 2.35 
3-4 0.300 1.749 6.45 ± 0.645 76.33 21.98 1.69 
4-5 0.309 1.726 8.176 ± 0.818 74.94 22.89 2.17 
5-6 0.310 1.723 9.899 ± 0.99 75.11 22.89 2 
6-7 0.314 1.714 11.613 ± 1.161 73.39 23.46 3.15 
7-8 0.309 1.727 13.34 ± 1.334 76.88 20.31 2.81 
8-9 0.309 1.726 15.066 ± 1.507 83.92 14.52 1.56 
9-10 0.311 1.723 16.789 ± 1.679 80.72 18.11 1.17 
10-11 0.315 1.711 18.5 ± 1.85 81.61 17.13 1.27 
11-12 0.347 1.629 20.129 ± 2.013 78.21 19.15 2.64 
12-13 0.369 1.574 21.703 ± 2.17 70.11 25.14 4.75 
13-14 0.363 1.591 23.294 ± 2.329 61.57 35 3.44 
14-15 0.357 1.605 24.898 ± 2.49 63.88 30.01 6.11 
15-16 0.351 1.620 26.519 ± 2.652 61.92 32.08 5.99 
16-17 0.323 1.689 28.208 ± 2.821 70.08 25.44 4.48 
17-18 0.353 1.615 29.823 ± 2.982 47.29 28.85 23.86 
18-19 0.356 1.608 31.431 ± 3.143 55.74 28.42 15.84 
19-20 0.789 0.527 31.958 ± 3.196 62.23 32.13 5.64 
20-21 0.325 1.684 33.642 ± 3.364 66.59 29.36 4.05 
21-22 0.323 1.691 35.333 ± 3.533 60.69 34.29 5.02 
22-23 0.322 1.692 37.025 ± 3.702 62.92 31.88 5.2 
23-24 0.322 1.692 38.717 ± 3.872 68.17 28.4 3.42 
24-25 0.325 1.685 40.402 ± 4.04 63.46 31.08 5.46 
25-26 0.260 1.846 42.248 ± 4.225 64.52 30.96 4.51 
26-27 0.321 1.695 43.943 ± 4.394 66.76 27.45 5.8 
27-28 0.317 1.706 45.649 ± 4.565 65.58 29.57 4.85 
28-29 0.311 1.721 47.37 ± 4.737 68.13 26.84 5.03 
29-30 0.308 1.727 49.098 ± 4.91 73.57 22.85 3.59 
30-31 0.305 1.736 50.833 ± 5.083 78.23 19.18 2.59 
31-32 0.303 1.742 52.575 ± 5.258 82.28 16.55 1.18 
32-33 0.301 1.746 54.321 ± 5.432 80.93 16.63 2.44 
33-34 0.300 1.750 56.071 ± 5.607 80.7 17.74 1.55 
34-35 0.300 1.750 57.821 ± 5.782 82.95 15.79 1.27 
35-36 0.300 1.750 59.571 ± 5.957 84.36 14.42 1.22 
36-37 0.308 1.728 61.299 ± 6.13 74.34 22.32 3.33 
37-38 0.310 1.725 63.024 ± 6.302 79.65 17.7 2.65 
38-39 0.312 1.720 64.743 ± 6.474 79.76 18.11 2.13 
39-40 0.308 1.729 66.472 ± 6.647 80.97 16.62 2.41 
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40-41 0.301 1.747 68.219 ± 6.822 80.91 16.34 2.75 
41-42 0.299 1.751 69.97 ± 6.997 83.77 14.69 1.55 
42-43 0.300 1.749 71.719 ± 7.172 74.45 22.77 2.77 
43-44 0.301 1.748 73.466 ± 7.347 78.63 18.71 2.66 
44-45 0.299 1.753 75.219 ± 7.522 76.14 20.41 3.45 
45-46 0.302 1.745 76.964 ± 7.696 76.99 20.51 2.5 
46-47 0.284 1.790 78.754 ± 7.875 76.15 21.2 2.64 
47-48 0.323 1.693 80.447 ± 8.045 78.72 18.63 2.65 
48-49 0.301 1.746 82.193 ± 8.219 82.29 14.93 2.78 
49-50 0.300 1.750 83.943 ± 8.394 80.72 17.52 1.76 
50-52 0.306 1.734 87.41 ± 8.741 85.18 13.27 1.55 
52-54 0.309 1.728 90.866 ± 9.087 85.41 12.65 1.93 
54-56 0.315 1.712 94.289 ± 9.429 85.43 12.24 2.33 
56-58 0.319 1.703 97.696 ± 9.77 86.43 11.78 1.79 
58-60 0.318 1.705 101.106 ± 10.11 85.59 12.57 1.84 
60-62 0.319 1.702 104.51 ± 10.451 87.84 10.78 1.38 
62-64 0.319 1.702 107.914 ± 10.79 87.54 11.06 1.4 
64-66 0.316 1.711 111.335 ± 11.13 85.56 12.21 2.23 
66-68 0.312 1.720 114.776 ± 11.47 84.95 13.09 1.96 
68-70 0.308 1.728 118.233 ± 11.82 86.87 11.65 1.48 
70-72 0.290 1.775 121.782 ± 12.17 85.08 12.67 2.24 
72-74 0.297 1.758 125.299 ± 12.53 81.47 15.88 2.66 
74-76 0.295 1.762 128.823 ± 12.88 86 11.8 2.19 
76-78 0.292 1.769 132.36 ± 13.236 78.38 18.54 3.08 
78-80 0.293 1.768 135.897 ± 13.59 72.64 21.62 5.74 
80-82 0.295 1.764 139.424 ± 13.94 87.95 9.8 2.24 
82-84 0.293 1.767 142.958 ± 14.29 80.58 17.17 2.25 
84-86 0.295 1.762 146.481 ± 14.64 80.38 16.68 2.94 
86-88 0.297 1.758 149.997 ± 15 81.43 15.79 2.77 
88-90 0.303 1.743 153.484 ± 15.34 77.9 19.38 2.72 
90-92 0.309 1.727 156.938 ± 15.69 80.98 17.07 1.95 
92-94 0.311 1.724 160.385 ± 16.03 78.92 18.74 2.34 
94-96 0.310 1.725 163.835 ± 16.38 83.5 14.12 2.38 
96-98 0.306 1.736 167.306 ± 16.73 78.01 19.91 2.08 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.586 1.030 1.03 ± 0.103 70.88 26.38 2.74 
1-2 0.583 1.037 2.067 ± 0.207 82.24 16.34 1.42 
2-3 0.599 0.998 3.065 ± 0.307 61.67 34.46 3.88 
3-4 0.551 1.118 4.184 ± 0.418 61.91 33.98 4.11 
4-5 0.505 1.232 5.416 ± 0.542 75.18 22.96 1.85 
5-6 0.468 1.328 6.744 ± 0.674 79.75 18.33 1.92 
6-7 0.463 1.340 8.084 ± 0.808 82.91 15.8 1.29 
7-8 0.403 1.491 9.575 ± 0.957 81.58 17.05 1.37 
8-9 0.382 1.542 11.117 ± 1.112 80.95 17.3 1.75 
9-10 0.367 1.581 12.698 ± 1.27 82.73 16.2 1.08 
10-11 0.356 1.608 14.306 ± 1.431 80.09 17.84 2.07 
11-12 0.341 1.644 15.951 ± 1.595 78.76 19.49 1.75 
12-13 0.368 1.579 17.529 ± 1.753 78.68 19.44 1.89 
13-14 0.370 1.572 19.101 ± 1.91 86.93 11.85 1.22 
14-15 0.356 1.608 20.709 ± 2.071 80.98 17.32 1.69 
15-16 0.335 1.660 22.369 ± 2.237 80.64 17.18 2.17 
16-17 0.330 1.672 24.042 ± 2.404 81.55 16.57 1.89 
17-18 0.330 1.673 25.714 ± 2.571 81.82 16.12 2.06 
18-19 0.318 1.703 27.417 ± 2.742 81.09 16.65 2.26 
19-20 0.308 1.728 29.145 ± 2.914 79.17 18.7 2.13 
20-21 0.314 1.715 30.859 ± 3.086 85.55 13.1 1.35 
21-22 0.304 1.740 32.599 ± 3.26 77.89 20.08 2.04 
22-23 0.316 1.710 34.309 ± 3.431 83.1 15.31 1.6 
23-24 0.299 1.753 36.062 ± 3.606 89.69 9.43 0.88 
24-25 0.300 1.750 37.812 ± 3.781 86.88 12.1 1.02 
25-26 0.302 1.745 39.558 ± 3.956 88.27 10.66 1.06 
26-27 0.303 1.741 41.299 ± 4.13 92.66 6.58 0.76 
27-28 0.300 1.748 43.047 ± 4.305 93.53 5.76 0.71 
28-29 0.294 1.765 44.812 ± 4.481 96.78 3.22 0 
29-30 0.292 1.769 46.581 ± 4.658 96.32 3.5 0.17 
30-31 0.293 1.768 48.35 ± 4.835 93.17 6.14 0.69 
31-32 0.286 1.783 50.133 ± 5.013 91.24 7.86 0.9 
32-33 0.287 1.781 51.914 ± 5.191 89.48 9.57 0.95 
33-34 0.284 1.790 53.705 ± 5.37 92.63 6.66 0.71 
34-35 0.285 1.788 55.493 ± 5.549 93.01 6.36 0.63 
35-36 0.282 1.794 57.287 ± 5.729 86.32 12.49 1.18 
36-37 0.286 1.784 59.07 ± 5.907 86.22 12.51 1.27 
37-38 0.288 1.779 60.85 ± 6.085 85.26 13.36 1.38 
38-39 0.290 1.773 62.623 ± 6.262 90.19 8.84 0.96 
39-40 0.289 1.776 64.399 ± 6.44 88.83 9.96 1.21 
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40-41 0.301 1.746 66.146 ± 6.615 82.79 15.21 2 
41-42 0.299 1.751 67.897 ± 6.79 77.74 19.97 2.28 
42-43 0.302 1.745 69.642 ± 6.964 88.64 9.64 1.72 
43-44 0.298 1.754 71.396 ± 7.14 84.25 13.36 2.39 
44-45 0.293 1.768 73.164 ± 7.316 82.28 14.64 3.08 
45-46 0.295 1.762 74.926 ± 7.493 78.19 17.93 3.88 
46-47 0.294 1.765 76.692 ± 7.669 88.88 8.87 2.25 
47-48 0.301 1.746 78.438 ± 7.844 85.89 11.23 2.88 
48-49 0.301 1.748 80.186 ± 8.019 82.79 14.19 3.02 
49-50 0.300 1.749 81.935 ± 8.193 86.75 10.99 2.26 
50-52 0.304 1.739 85.413 ± 8.541 88.8 9.47 1.72 
52-54 0.313 1.717 88.847 ± 8.885 85.58 12.37 2.05 
54-56 0.314 1.715 92.278 ± 9.228 90.04 8.22 1.74 
56-58 0.310 1.724 95.726 ± 9.573 86.79 11.48 1.73 
58-60 0.317 1.707 99.141 ± 9.914 91.61 7.11 1.28 
60-62 0.316 1.708 102.558 ± 10.25 91.36 7.39 1.26 
62-64 0.315 1.711 105.981 ± 10.59 92.09 6.85 1.06 
64-66 0.309 1.727 109.435 ± 10.94 94.13 5.05 0.82 
66-68 0.312 1.720 112.875 ± 11.28 92.31 6.76 0.93 
68-70 0.309 1.727 116.33 ± 11.633 94.04 5.28 0.67 
70-72 0.304 1.741 119.811 ± 11.98 91.27 7.62 1.11 
72-74 0.309 1.726 123.263 ± 12.32 87.17 11.65 1.19 
74-76 0.308 1.730 126.724 ± 12.67 89.73 9.14 1.13 
76-78 0.307 1.732 130.188 ± 13.01 90.16 8.52 1.32 
78-80 0.307 1.732 133.652 ± 13.36 85.22 13.19 1.59 
80-82 0.308 1.731 137.113 ± 13.71 84.45 13.88 1.67 
82-84 0.314 1.716 140.544 ± 14.05 86.75 11.9 1.35 
84-86 0.312 1.719 143.983 ± 14.39 89.19 9.84 0.97 
86-88 0.310 1.724 147.432 ± 14.74 81.33 17.15 1.52 
88-90 0.310 1.726 150.884 ± 15.08 86.48 11.95 1.57 
90-92 0.315 1.713 154.309 ± 15.43 81.33 17.15 1.52 
92-94 0.314 1.716 157.742 ± 15.77 81.28 16.94 1.78 
94-96 0.296 1.760 161.261 ± 16.12 78.19 19.66 2.16 
96-98 0.300 1.750 164.762 ± 16.47 84.61 13.7 1.69 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.866 0.332 0.332 ± 0.033 12.51 78.52 8.97 
1-2 0.844 0.386 0.719 ± 0.072 61.64 33.73 4.63 
2-3 0.722 0.689 1.408 ± 0.141 54.37 35.55 10.08 
3-4 0.672 0.818 2.226 ± 0.223 72.77 23.78 3.45 
4-5 0.779 0.548 2.775 ± 0.277 61.21 32.73 6.06 
5-6 0.651 0.868 3.643 ± 0.364 71.42 24.15 4.43 
6-7 0.536 1.156 4.799 ± 0.48 72.92 21.91 5.17 
7-8 0.512 1.215 6.013 ± 0.601 85.02 13.82 1.16 
8-9 0.485 1.286 7.299 ± 0.73 85.78 12.65 1.57 
9-10 0.493 1.264 8.563 ± 0.856 75.59 20.27 4.14 
10-11 0.532 1.161 9.725 ± 0.972 77.32 15.25 7.43 
11-12 0.509 1.222 10.947 ± 1.095 62.78 12.69 24.53 
12-13 0.459 1.347 12.294 ± 1.229 80.81 14.33 4.86 
13-14 0.470 1.319 13.614 ± 1.361 82.79 14.43 2.78 
14-15 0.259 1.843 15.456 ± 1.546 84.34 11.36 4.3 
15-16 0.422 1.439 16.896 ± 1.69 76.82 21.38 1.8 
16-17 0.378 1.553 18.448 ± 1.845 84.83 13.21 1.96 
17-18 0.351 1.621 20.069 ± 2.007 89.2 9.86 0.94 
18-19 0.338 1.655 21.724 ± 2.172 88.07 10.06 1.87 
19-20 0.327 1.681 23.404 ± 2.34 85.8 12.4 1.8 
20-21 0.338 1.653 25.058 ± 2.506 91.24 7.68 1.08 
21-22 0.346 1.633 26.691 ± 2.669 88.26 10.29 1.45 
22-23 0.361 1.595 28.286 ± 2.829 85.57 12.63 1.8 
23-24 0.357 1.605 29.891 ± 2.989 91.7 7.19 1.11 
24-25 0.352 1.619 31.51 ± 3.151 88.54 10.21 1.25 
25-26 0.349 1.626 33.136 ± 3.314 93.82 5.41 0.77 
26-27 0.342 1.644 34.78 ± 3.478 94.11 5.08 0.81 
27-28 0.335 1.663 36.443 ± 3.644 98.28 1.5 0.22 
28-29 0.362 1.593 38.036 ± 3.804 94.45 4.52 1.03 
29-30 0.836 0.409 38.445 ± 3.844 96.71 3.03 0.26 
30-31 0.332 1.669 40.114 ± 4.011 88.01 10.75 1.24 
31-32 0.328 1.680 41.794 ± 4.179 88.2 10.58 1.21 
32-33 0.329 1.677 43.47 ± 4.347 94.59 4.44 0.97 
33-34 0.328 1.680 45.151 ± 4.515 100 0 0 
34-35 0.329 1.678 46.829 ± 4.683 92.91 6.31 0.77 
35-36 0.309 1.726 48.555 ± 4.856 93.69 5.54 0.76 
36-37 0.297 1.756 50.311 ± 5.031 28.54 0 71.46 
37-38 0.310 1.724 52.036 ± 5.204 96.94 3.06 0 
38-39 0.310 1.724 53.76 ± 5.376 97.24 2.76 0 
39-40 0.307 1.733 55.494 ± 5.549 100 0 0 
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40-41 0.312 1.718 57.212 ± 5.721 85.5 12.87 1.63 
41-42 0.311 1.723 58.935 ± 5.894 82.01 16 1.99 
42-43 0.307 1.733 60.668 ± 6.067 97.04 2.74 0.22 
43-44 0.315 1.713 62.381 ± 6.238 92.17 7.09 0.74 
44-45 0.319 1.703 64.084 ± 6.408 67.43 29.79 2.78 
45-46 0.318 1.706 65.791 ± 6.579 90.58 8.09 1.33 
46-47 0.322 1.695 67.486 ± 6.749 62.65 33.57 3.78 
47-48 0.323 1.691 69.177 ± 6.918 60.85 35.32 3.83 
48-49 0.330 1.676 70.853 ± 7.085 84.07 13.9 2.03 
49-50 0.324 1.689 72.542 ± 7.254 83.33 14.93 1.74 
50-52 0.342 1.644 75.83 ± 7.583 ND ND ND 
52-54 0.346 1.634 79.099 ± 7.91 ND ND ND 
54-56 0.342 1.646 82.39 ± 8.239 ND ND ND 
56-58 0.339 1.651 85.693 ± 8.569 ND ND ND 
58-60 0.325 1.687 89.067 ± 8.907 ND ND ND 
60-62 0.335 1.661 92.389 ± 9.239 ND ND ND 
62-64 0.332 1.671 95.731 ± 9.573 ND ND ND 
64-66 0.327 1.681 99.093 ± 9.909 ND ND ND 
66-68 0.326 1.684 102.462 ± 10.24 ND ND ND 
68-70 0.326 1.685 105.832 ± 10.58 ND ND ND 
70-72 0.328 1.680 109.191 ± 10.91 ND ND ND 
72-74 0.331 1.673 112.537 ± 11.25 ND ND ND 
74-76 0.328 1.681 115.898 ± 11.59 ND ND ND 
76-78 0.325 1.688 119.275 ± 11.92 ND ND ND 
78-80 0.322 1.696 122.667 ± 12.26 ND ND ND 
80-82 0.335 1.664 125.994 ± 12.59 ND ND ND 
82-84 0.342 1.645 129.285 ± 12.92 ND ND ND 
84-86 0.353 1.618 132.521 ± 13.25 ND ND ND 
86-88 0.356 1.610 135.741 ± 13.57 ND ND ND 
88-90 0.360 1.600 138.941 ± 13.89 ND ND ND 
90-92 0.362 1.594 142.129 ± 14.21 ND ND ND 
92-94 0.367 1.583 145.295 ± 14.52 ND ND ND 
94-96 0.357 1.606 148.508 ± 14.85 ND ND ND 
96-98 0.366 1.585 151.678 ± 15.16 ND ND ND 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.675 0.808 0.808 ± 0.081 53.58 35.89 10.53 
1-2 0.667 0.828 1.636 ± 0.164 65.33 30.3 4.37 
2-3 0.727 0.679 2.316 ± 0.232 49.81 41.15 9.04 
3-4 0.733 0.663 2.979 ± 0.298 50.38 41.65 7.97 
4-5 0.740 0.647 3.626 ± 0.363 53.38 39.33 7.29 
5-6 0.752 0.616 4.242 ± 0.424 45.41 45.49 9.1 
6-7 0.756 0.607 4.849 ± 0.485 63.79 34.75 1.46 
7-8 0.744 0.638 5.487 ± 0.549 42.62 35.26 22.12 
8-9 0.740 0.647 6.134 ± 0.613 38.17 51.26 10.57 
9-10 0.720 0.698 6.831 ± 0.683 35.84 54.97 9.19 
10-11 0.695 0.759 7.59 ± 0.759 28.59 54.49 16.92 
11-12 0.712 0.717 8.308 ± 0.831 50.02 35.38 14.6 
12-13 0.701 0.743 9.051 ± 0.905 60.1 31.67 8.23 
13-14 0.682 0.791 9.842 ± 0.984 39.54 26.47 33.99 
14-15 0.661 0.845 10.686 ± 1.069 50.77 40.7 8.53 
15-16 0.666 0.831 11.517 ± 1.152 54.72 36.93 8.35 
16-17 0.626 0.932 12.449 ± 1.245 70.99 25.66 3.35 
17-18 0.579 1.049 13.498 ± 1.35 27.88 54.78 17.34 
18-19 0.535 1.158 14.655 ± 1.466 65.94 30.82 3.24 
19-20 0.502 1.243 15.898 ± 1.59 71.02 26.08 2.9 
20-21 0.460 1.347 17.245 ± 1.725 53.86 40.12 6.02 
21-22 0.409 1.477 18.722 ± 1.872 67.42 28.72 3.86 
22-23 0.464 1.338 20.059 ± 2.006 26.79 57.03 16.18 
23-24 0.376 1.558 21.617 ± 2.162 81.66 16.86 1.48 
24-25 0.350 1.623 23.241 ± 2.324 87.69 11.18 1.13 
25-26 0.353 1.616 24.856 ± 2.486 90.79 8.16 1.05 
26-27 0.337 1.657 26.513 ± 2.651 93.14 5.98 0.88 
27-28 0.334 1.664 28.178 ± 2.818 90.93 8.16 0.91 
28-29 0.336 1.659 29.836 ± 2.984 91.3 7.82 0.88 
29-30 0.339 1.651 31.488 ± 3.149 89.09 9.61 1.3 
30-31 0.339 1.653 33.141 ± 3.314 84.98 13.27 1.75 
31-32 0.344 1.640 34.781 ± 3.478 89.34 9.54 1.12 
32-33 0.343 1.641 36.422 ± 3.642 85.71 12.63 1.66 
33-34 0.343 1.643 38.066 ± 3.807 85.19 13.48 1.33 
34-35 0.338 1.654 39.72 ± 3.972 87.95 10.62 1.43 
35-36 0.342 1.645 41.365 ± 4.136 92.07 7.15 0.78 
36-37 0.338 1.653 43.018 ± 4.302 92.73 6.46 0.81 
37-38 0.340 1.649 44.668 ± 4.467 88.27 10.98 0.75 
38-39 0.338 1.654 46.322 ± 4.632 93.65 5.59 0.76 
39-40 0.340 1.649 47.971 ± 4.797 85.79 12.32 1.89 
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40-41 0.344 1.639 49.61 ± 4.961 92.35 6.97 0.68 
41-42 0.343 1.642 51.252 ± 5.125 91.25 7.92 0.83 
42-43 0.343 1.642 52.894 ± 5.289 90.45 8.61 0.94 
43-44 0.341 1.648 54.542 ± 5.454 92.16 7.11 0.73 
44-45 0.339 1.651 56.193 ± 5.619 86.92 11.94 1.14 
45-46 0.337 1.657 57.85 ± 5.785 93.61 5.68 0.71 
46-47 0.341 1.647 59.497 ± 5.95 100 0 0 
47-48 0.329 1.677 61.174 ± 6.117 91.45 7.77 0.78 
48-49 0.338 1.655 62.829 ± 6.283 92.24 7.11 0.65 
49-50 0.336 1.659 64.488 ± 6.449 96.05 3.76 0.19 
50-52 0.326 1.686 67.86 ± 6.786 95.36 4.23 0.41 
52-54 0.330 1.674 71.208 ± 7.121 90.84 8.36 0.8 
54-56 0.335 1.664 74.536 ± 7.454 83.85 14.32 1.83 
56-58 0.343 1.643 77.821 ± 7.782 78.53 19.15 2.32 
58-60 0.344 1.638 81.097 ± 8.11 86.7 11.94 1.36 
60-62 0.367 1.583 84.263 ± 8.426 77.51 20.1 2.39 
62-64 0.389 1.527 87.317 ± 8.732 74.33 23.79 1.88 
64-66 0.383 1.542 90.4 ± 9.04 77.09 21.27 1.64 
66-68 0.396 1.510 93.42 ± 9.342 84.01 14.67 1.32 
68-70 0.408 1.480 96.379 ± 9.638 74.35 23.77 1.88 
70-72 0.422 1.444 99.268 ± 9.927 62.17 32.68 5.15 
72-74 0.423 1.441 102.15 ± 10.215 70.21 27.84 1.95 
74-76 0.423 1.441 105.033 ± 10.50 57.45 39.54 3.01 
76-78 0.415 1.461 107.956 ± 10.79 76.15 21.78 2.07 
78-80 0.408 1.480 110.917 ± 11.09 48.64 43.19 8.17 
80-82 0.417 1.457 113.831 ± 11.38 75.31 22.72 1.97 
82-84 0.460 1.349 116.529 ± 11.65 54.84 38.97 6.19 
84-86 0.458 1.354 119.238 ± 11.92 72.63 23.84 3.53 
86-88 0.367 1.582 122.402 ± 12.24 74.26 22.25 3.49 
88-90 0.352 1.621 125.644 ± 12.56 82.34 15.73 1.93 
90-92 0.344 1.640 128.925 ± 12.89 90.37 8.88 0.75 
92-94 0.317 1.707 132.34 ± 13.234 97.8 2.2 0 
94-96 0.302 1.744 135.828 ± 13.58 95.35 4.08 0.57 
96-98 0.291 1.772 139.373 ± 13.93 94.7 4.59 0.71 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
       
0-1 0.534 1.158 1.158 ± 0.116 79.77 18.78 1.45 
1-2 0.609 0.977 2.135 ± 0.214 63.36 29.28 7.36 
2-3 0.644 0.883 3.018 ± 0.302 28.15 30.95 40.91 
3-4 0.663 0.834 3.852 ± 0.385 38.58 39.24 22.18 
4-5 0.641 0.890 4.742 ± 0.474 41 44.01 14.99 
5-6 0.644 0.884 5.626 ± 0.563 27.76 30.27 41.98 
6-7 0.637 0.900 6.525 ± 0.653 60.72 30.14 9.14 
7-8 0.605 0.980 7.506 ± 0.751 56.05 32.34 11.61 
8-9 0.634 0.910 8.415 ± 0.842 71.3 22.72 5.98 
9-10 0.567 1.078 9.494 ± 0.949 47.52 39.4 13.08 
10-11 0.591 1.020 10.514 ± 1.051 14.39 30.58 55.02 
11-12 0.559 1.086 11.6 ± 1.16 40.64 43.59 15.78 
12-13 0.532 1.165 12.765 ± 1.277 75.6 20.42 3.98 
13-14 0.521 1.193 13.958 ± 1.396 66.64 25.37 7.98 
14-15 0.510 1.219 15.177 ± 1.518 63.23 27.62 9.15 
15-16 0.503 1.237 16.415 ± 1.641 73.97 21.01 5.02 
16-17 0.496 1.252 17.667 ± 1.767 62.63 29.06 8.31 
17-18 0.501 1.244 18.911 ± 1.891 70.22 25.11 4.68 
18-19 0.479 1.297 20.207 ± 2.021 67.59 25.53 6.87 
19-20 0.474 1.311 21.518 ± 2.152 70.97 24.42 4.61 
20-21 0.470 1.322 22.84 ± 2.284 73.91 23.03 3.06 
21-22 0.482 1.291 24.132 ± 2.413 71.36 24.66 3.98 
22-23 0.456 1.356 25.487 ± 2.549 67.94 26.86 5.2 
23-24 0.444 1.388 26.875 ± 2.687 65.98 28.28 5.75 
24-25 0.450 1.372 28.247 ± 2.825 62.5 31.17 6.33 
25-26 0.448 1.375 29.622 ± 2.962 68.27 26.71 5.02 
26-27 0.451 1.370 30.992 ± 3.099 73.98 22.32 3.7 
27-28 0.440 1.397 32.389 ± 3.239 69.15 27.46 3.39 
28-29 0.432 1.419 33.808 ± 3.381 55.43 37.23 7.35 
29-30 0.428 1.426 35.234 ± 3.523 63.39 30.24 6.38 
30-31 0.426 1.431 36.665 ± 3.667 67.24 27.05 5.71 
31-32 0.429 1.423 38.088 ± 3.809 59.8 34.62 5.58 
32-33 0.426 1.431 39.519 ± 3.952 62.04 34.42 3.54 
33-34 0.436 1.407 40.926 ± 4.093 67.5 28.47 4.03 
34-35 0.451 1.369 42.295 ± 4.229 62.23 33.11 4.66 
35-36 0.437 1.403 43.698 ± 4.37 50.3 44.31 5.39 
36-37 0.425 1.435 45.133 ± 4.513 57.01 39.66 3.33 
37-38 0.408 1.477 46.611 ± 4.661 68.48 27.6 3.92 
38-39 0.401 1.496 48.107 ± 4.811 60.84 36.33 2.83 
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39-40 0.396 1.507 49.614 ± 4.961 72.58 24.56 2.86 
40-41 0.391 1.523 51.138 ± 5.114 68.1 27.13 4.78 
41-42 0.396 1.506 52.643 ± 5.264 61.98 31.17 6.85 
42-43 0.417 1.454 54.097 ± 5.41 65.61 29.37 5.02 
43-44 0.432 1.415 55.512 ± 5.551 63.1 30.54 6.36 
44-45 0.452 1.369 56.881 ± 5.688 66.16 29.54 4.3 
45-46 0.453 1.363 58.244 ± 5.824 72.39 22.42 5.19 
46-47 0.448 1.378 59.622 ± 5.962 63.71 32.19 4.1 
47-48 0.454 1.361 60.982 ± 6.098 51.68 38.52 9.81 
48-49 0.466 1.330 62.313 ± 6.231 69.92 24.13 5.95 










































     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.688 0.762 0.762 ± 0.076 19.99 69.12 10.89 
1-2 0.706 0.715 1.476 ± 0.148 20.32 68.32 11.36 
2-3 0.712 0.703 2.179 ± 0.218 18.89 69.55 11.56 
3-4 0.666 0.823 3.001 ± 0.3 48.71 44.22 7.07 
4-5 0.569 1.067 4.068 ± 0.407 47.45 44.64 7.91 
5-6 0.512 1.213 5.282 ± 0.528 38.97 55.67 5.36 
6-7 0.438 1.400 6.682 ± 0.668 58.81 36.61 4.58 
7-8 0.402 1.490 8.172 ± 0.817 44.86 48.59 6.55 
8-9 0.392 1.516 9.688 ± 0.969 60.14 34.48 5.38 
9-10 0.370 1.572 11.26 ± 1.126 54.95 38.41 6.64 
10-11 0.345 1.634 12.894 ± 1.289 76.27 21.36 2.37 
11-12 0.347 1.630 14.524 ± 1.452 62.89 33.27 3.84 
12-13 0.343 1.641 16.165 ± 1.616 74.17 23.43 2.4 
13-14 0.335 1.661 17.826 ± 1.783 67.36 28.73 3.91 
14-15 0.340 1.647 19.473 ± 1.947 68.3 27.9 3.8 
15-16 0.348 1.627 21.1 ± 2.11 44.23 48.78 6.99 
16-17 0.354 1.613 22.714 ± 2.271 62.45 33.58 3.97 
17-18 0.350 1.623 24.336 ± 2.434 66.19 30.38 3.43 
18-19 0.355 1.610 25.946 ± 2.595 66.14 31.43 2.43 
19-20 0.365 1.584 27.53 ± 2.753 58.99 37.35 3.66 
20-21 0.369 1.575 29.105 ± 2.91 71.19 26.64 2.17 
21-22 0.378 1.554 30.659 ± 3.066 65.81 32.09 2.1 
22-23 0.386 1.532 32.191 ± 3.219 56.42 39.27 4.31 
23-24 0.387 1.531 33.721 ± 3.372 59.43 37.79 2.78 
24-25 0.383 1.540 35.262 ± 3.526 69.15 28.85 2 
25-26 0.380 1.549 36.811 ± 3.681 61.21 35.92 2.87 
26-27 0.381 1.546 38.357 ± 3.836 66.62 30.83 2.55 
27-28 0.376 1.559 39.916 ± 3.992 80.8 17.6 1.6 
28-29 0.379 1.552 41.468 ± 4.147 79.5 18.72 1.78 
29-30 0.392 1.519 42.987 ± 4.299 74.86 23.13 2.01 
30-31 0.374 1.566 44.552 ± 4.455 77.86 20.5 1.64 
31-32 0.389 1.526 46.078 ± 4.608 80.96 17.43 1.61 
32-33 0.386 1.533 47.612 ± 4.761 83.6 15.1 1.3 
33-34 0.378 1.555 49.167 ± 4.917 66.38 31.17 2.45 
34-35 0.370 1.573 50.74 ± 5.074 80.8 17.52 1.68 
35-36 0.354 1.615 52.354 ± 5.235 88.9 10.21 0.89 
36-37 0.344 1.638 53.992 ± 5.399 87.99 10.99 1.02 
37-38 0.345 1.637 55.629 ± 5.563 90.95 8.34 0.71 
38-39 0.209 1.977 57.606 ± 5.761 92.04 7.17 0.79 
39-40 0.335 1.663 59.269 ± 5.927 90.7 8.4 0.9 
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40-41 0.328 1.679 60.948 ± 6.095 86.24 12.64 1.12 
41-42 0.328 1.679 62.626 ± 6.263 83.17 15.22 1.61 
42-43 0.322 1.695 64.322 ± 6.432 89.28 9.84 0.88 
43-44 0.320 1.701 66.022 ± 6.602 84.78 13.65 1.57 
44-45 0.321 1.697 67.719 ± 6.772 85.43 13.31 1.26 
45-46 0.316 1.709 69.428 ± 6.943 92.54 6.73 0.73 
46-47 0.310 1.725 71.153 ± 7.115 73.34 24.18 2.48 
47-48 0.304 1.738 72.892 ± 7.289 100 0 0 
48-49 0.297 1.757 74.649 ± 7.465 87.39 11.79 0.82 
49-50 0.295 1.762 76.411 ± 7.641 100 0 0 
50-52 0.299 1.752 79.914 ± 7.991 83.49 15.35 1.16 
52-54 0.324 1.689 83.292 ± 8.329 73.78 24.27 1.95 
54-56 0.316 1.711 86.714 ± 8.671 67.88 29.13 2.99 
56-58 0.290 1.776 90.265 ± 9.027 96.43 3.34 0.23 
58-60 0.278 1.805 93.875 ± 9.387 88.74 10.31 0.95 
60-62 0.298 1.754 97.383 ± 9.738 77.55 20.64 1.81 
62-64 0.326 1.684 100.752 ± 10.07 81.82 16.93 1.25 
64-66 0.369 1.578 103.908 ± 10.39 80.94 18.06 1 
66-68 0.340 1.650 107.208 ± 10.72 72.61 25.16 2.23 
68-70 0.355 1.611 110.431 ± 11.04 79.4 19.11 1.49 
70-72 0.365 1.587 113.604 ± 11.36 44.73 48.45 6.82 
72-74 0.357 1.607 116.818 ± 11.68 76.22 22.11 1.67 
74-76 0.343 1.643 120.104 ± 12.01 76.7 21.48 1.82 
76-78 0.332 1.670 123.443 ± 12.34 74.69 23.44 1.87 
78-80 0.325 1.688 126.82 ± 12.682 71.22 26.54 2.24 
80-82 0.335 1.661 130.143 ± 13.01 70.17 27.25 2.58 
82-84 0.329 1.676 133.495 ± 13.35 74.97 23.17 1.86 
84-86 0.334 1.666 136.828 ± 13.68 81.32 17.14 1.54 
86-88 0.336 1.659 140.146 ± 14.01 79.85 18.62 1.53 
88-90 0.359 1.603 143.353 ± 14.33 73.83 24.18 1.99 
90-92 0.365 1.588 146.528 ± 14.65 65.57 31.79 2.64 
92-94 0.382 1.546 149.619 ± 14.96 68.48 28.81 2.71 
94-96 0.357 1.608 152.835 ± 15.28 69.45 26.79 3.76 
96-98 0.346 1.634 156.103 ± 15.61 76.97 21.11 1.92 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.708 0.724 0.724 ± 0.072 42.87 51.08 6.05 
1-2 0.654 0.860 1.584 ± 0.158 56.19 37.73 6.08 
2-3 0.583 1.039 2.622 ± 0.262 45.2 47.92 6.88 
3-4 0.531 1.168 3.791 ± 0.379 38.32 52.95 8.73 
4-5 0.506 1.233 5.023 ± 0.502 63.8 33.22 2.98 
5-6 0.515 1.210 6.233 ± 0.623 60.71 36.09 3.2 
6-7 0.532 1.168 7.401 ± 0.74 40.28 54.05 5.67 
7-8 0.528 1.177 8.577 ± 0.858 31.76 60.7 7.54 
8-9 0.495 1.261 9.839 ± 0.984 39.9 52.2 7.9 
9-10 0.475 1.312 11.151 ± 1.115 48.41 45.93 5.66 
10-11 0.474 1.314 12.465 ± 1.246 17.61 42.24 40.15 
11-12 0.475 1.310 13.775 ± 1.377 67.48 29.77 2.75 
12-13 0.469 1.325 15.1 ± 1.51 54.53 37.53 7.94 
13-14 0.440 1.397 16.497 ± 1.65 62.64 34.22 3.14 
14-15 0.386 1.534 18.031 ± 1.803 73.25 24.2 2.55 
15-16 0.386 1.533 19.564 ± 1.956 73.45 24.17 2.38 
16-17 0.374 1.564 21.128 ± 2.113 54.59 40.66 4.75 
17-18 0.370 1.575 22.703 ± 2.27 64.01 32.38 3.61 
18-19 0.363 1.590 24.293 ± 2.429 64.06 32.82 3.12 
19-20 0.373 1.567 25.86 ± 2.586 64.75 32.35 2.9 
20-21 0.359 1.601 27.461 ± 2.746 64.75 31.57 3.68 
21-22 0.368 1.579 29.04 ± 2.904 52.7 41.05 6.25 
22-23 0.369 1.577 30.617 ± 3.062 53.49 40.85 5.66 
23-24 0.390 1.524 32.141 ± 3.214 55 39.41 5.59 
24-25 0.446 1.384 33.525 ± 3.353 58.09 37.81 4.1 
25-26 0.405 1.486 35.012 ± 3.501 68 29.18 2.82 
26-27 0.357 1.607 36.618 ± 3.662 66.12 30.62 3.26 
27-28 0.344 1.638 38.257 ± 3.826 70.15 27.43 2.42 
28-29 0.363 1.593 39.849 ± 3.985 75.73 22.44 1.83 
29-30 0.368 1.580 41.429 ± 4.143 82.69 15.96 1.35 
30-31 0.338 1.654 43.083 ± 4.308 74.49 21.66 3.85 
31-32 0.598 1.006 44.089 ± 4.409 87.81 11.23 0.96 
32-33 0.314 1.714 45.802 ± 4.58 93.74 5.76 0.5 
33-34 0.312 1.719 47.521 ± 4.752 91.55 7.81 0.64 
34-35 0.307 1.732 49.253 ± 4.925 90.43 8.83 0.74 
35-36 0.305 1.738 50.991 ± 5.099 100 0 0 
36-37 0.311 1.721 52.713 ± 5.271 95.79 3.93 0.28 
37-38 0.308 1.729 54.441 ± 5.444 96.29 3.63 0.08 
38-39 0.314 1.715 56.156 ± 5.616 93.83 5.74 0.43 
39-40 0.313 1.716 57.872 ± 5.787 97.17 2.83 0 
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40-41 0.335 1.662 59.534 ± 5.953 95.88 3.53 0.59 
41-42 0.322 1.696 61.229 ± 6.123 94.44 5.07 0.49 
42-43 0.321 1.698 62.927 ± 6.293 95.57 3.81 0.62 
43-44 0.335 1.663 64.59 ± 6.459 93.12 6.25 0.63 
44-45 0.321 1.697 66.287 ± 6.629 95.97 3.42 0.61 
45-46 0.317 1.706 67.993 ± 6.799 91.19 7.95 0.86 
46-47 0.319 1.702 69.695 ± 6.97 91.44 7.7 0.86 
47-48 0.317 1.707 71.403 ± 7.14 92.94 6.17 0.89 
48-49 0.312 1.719 73.121 ± 7.312 85.53 13.36 1.11 
49-50 0.318 1.706 74.827 ± 7.483 91.09 8.1 0.81 
50-52 0.318 1.704 78.235 ± 7.823 84.95 13.74 1.31 
52-54 0.325 1.689 81.612 ± 8.161 75.55 22.81 1.64 
54-56 0.325 1.686 84.985 ± 8.498 78.33 20.41 1.26 
56-58 0.327 1.682 88.348 ± 8.835 70.41 25.26 4.33 
58-60 0.332 1.671 91.691 ± 9.169 68 28.9 3.1 
60-62 0.338 1.655 95.001 ± 9.5 76.42 21.64 1.94 
62-64 0.339 1.652 98.305 ± 9.831 72.43 25.62 1.95 
64-66 0.342 1.645 101.596 ± 10.16 76.13 21.94 1.93 
66-68 0.345 1.637 104.87 ± 10.487 67.84 30.08 2.08 
68-70 0.344 1.640 108.149 ± 10.81 75.48 19.68 4.84 
70-72 0.345 1.637 111.423 ± 11.14 83.4 14.83 1.77 
72-74 0.357 1.607 114.638 ± 11.46 78.35 19.91 1.74 
74-76 0.383 1.542 117.723 ± 11.77 78.92 18.7 2.38 
76-78 0.383 1.543 120.809 ± 12.08 71.85 25.75 2.4 
78-80 0.374 1.564 123.938 ± 12.39 70.6 25.15 4.25 
80-82 0.363 1.592 127.122 ± 12.71 66.15 29.78 4.07 
82-84 0.335 1.664 130.449 ± 13.04 91.07 7.93 1 
84-86 0.326 1.684 133.817 ± 13.38 85.18 13.55 1.27 
86-88 0.323 1.693 137.203 ± 13.72 87.4 11.45 1.15 
88-90 0.326 1.686 140.575 ± 14.05 88.46 10.81 0.73 
90-92 0.326 1.686 143.948 ± 14.39 93.19 5.96 0.85 
92-94 0.323 1.693 147.333 ± 14.73 93.52 5.46 1.02 
94-96 0.321 1.697 150.727 ± 15.07 84.46 14.13 1.41 
96-98 0.332 1.671 154.069 ± 15.40 85.96 12.53 1.51 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.561 1.069 1.069 ± 0.107 82.58 15.8 1.62 
1-2 0.547 1.113 2.181 ± 0.218 81.87 16.25 1.88 
2-3 0.541 1.132 3.314 ± 0.331 74.03 23.49 2.48 
3-4 0.549 1.104 4.417 ± 0.442 87.4 11.37 1.23 
4-5 0.527 1.159 5.577 ± 0.558 90.74 8.25 1.01 
5-6 0.507 1.210 6.787 ± 0.679 97.04 2.96 0 
6-7 0.450 1.344 8.131 ± 0.813 88.23 10.68 1.09 
7-8 0.407 1.469 9.599 ± 0.96 88.61 10.44 0.95 
8-9 0.367 1.568 11.167 ± 1.117 84.48 14.54 0.98 
9-10 0.333 1.662 12.829 ± 1.283 86.6 12.31 1.09 
10-11 0.297 1.744 14.574 ± 1.457 79.58 18.86 1.56 
11-12 0.287 1.779 16.353 ± 1.635 86.27 12.59 1.14 
12-13 0.304 1.735 18.088 ± 1.809 89.47 9.58 0.95 
13-14 0.310 1.719 19.808 ± 1.981 90.22 8.7 1.08 
14-15 0.317 1.706 21.514 ± 2.151 88.48 10.32 1.2 
15-16 0.311 1.720 23.234 ± 2.323 93.31 6 0.69 
16-17 0.311 1.721 24.955 ± 2.495 97.47 2.53 0 
17-18 0.305 1.735 26.69 ± 2.669 94.69 4.66 0.65 
18-19 0.311 1.721 28.411 ± 2.841 94.94 4.44 0.62 
19-20 0.298 1.753 30.163 ± 3.016 94.92 4.42 0.66 
20-21 0.310 1.725 31.888 ± 3.189 94.13 5.21 0.66 
21-22 0.310 1.724 33.613 ± 3.361 93.74 5.65 0.61 
22-23 0.308 1.727 35.34 ± 3.534 94.66 4.62 0.72 
23-24 0.308 1.729 37.069 ± 3.707 93.81 5.66 0.53 
24-25 0.313 1.715 38.785 ± 3.878 95.62 3.92 0.46 
25-26 0.309 1.727 40.512 ± 4.051 95.45 4.04 0.51 
26-27 0.307 1.732 42.243 ± 4.224 97.02 2.68 0.3 
27-28 0.307 1.732 43.975 ± 4.397 96.52 3.05 0.43 
28-29 0.305 1.737 45.712 ± 4.571 96.36 3.19 0.45 
29-30 0.309 1.727 47.439 ± 4.744 96.21 3.26 0.53 
30-31 0.305 1.736 49.174 ± 4.917 94.61 4.73 0.66 
31-32 0.309 1.725 50.9 ± 5.09 95.83 3.59 0.58 
32-33 0.307 1.732 52.632 ± 5.263 96.43 3.06 0.51 
33-34 0.306 1.735 54.368 ± 5.437 95.69 3.73 0.58 
34-35 0.309 1.725 56.093 ± 5.609 95.92 3.53 0.55 
35-36 0.310 1.725 57.817 ± 5.782 95.26 4.23 0.51 
36-37 0.306 1.734 59.552 ± 5.955 98.05 1.95 0 
37-38 0.260 1.850 61.402 ± 6.14 96.9 2.76 0.34 
38-39 0.301 1.746 63.148 ± 6.315 94.35 5.03 0.62 
39-40 0.297 1.757 64.905 ± 6.49 96.62 2.93 0.45 
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40-41 0.301 1.746 66.651 ± 6.665 96.04 3.44 0.52 
41-42 0.301 1.746 68.397 ± 6.84 95.76 3.67 0.57 
42-43 0.304 1.741 70.138 ± 7.014 94.66 4.82 0.52 
43-44 0.304 1.739 71.876 ± 7.188 91.1 8.3 0.6 
44-45 0.306 1.735 73.611 ± 7.361 89.96 9.25 0.79 
45-46 0.297 1.757 75.368 ± 7.537 89.81 9.51 0.68 
46-47 0.300 1.750 77.118 ± 7.712 92.68 6.78 0.54 
47-48 0.300 1.750 78.869 ± 7.887 91.46 7.93 0.61 
48-49 0.291 1.772 80.641 ± 8.064 92.77 6.7 0.53 
49-50 0.282 1.795 82.436 ± 8.244 92.03 7.33 0.64 
50-52 0.268 1.830 86.096 ± 8.61 91.13 8.16 0.71 
52-54 0.258 1.855 89.806 ± 8.981 91.84 7.47 0.69 
54-56 0.233 1.917 93.639 ± 9.364 93.43 5.84 0.73 
56-58 0.219 1.953 97.546 ± 9.755 94.33 5.02 0.65 
58-60 0.221 1.948 101.442 ± 10.14 93.67 5.66 0.67 
60-62 0.211 1.973 105.388 ± 10.53 96.87 3.13 0 
62-64 0.238 1.905 109.199 ± 10.92 96.3 3.2 0.5 
64-66 0.243 1.893 112.985 ± 11.29 95.89 3.66 0.45 
66-68 0.252 1.869 116.724 ± 11.67 95.7 3.65 0.65 
68-70 0.255 1.864 120.452 ± 12.04 96.6 3.07 0.33 
70-72 0.232 1.919 124.29 ± 12.429 97.08 2.73 0.19 
72-74 0.229 1.928 128.145 ± 12.81 100 0 0 
74-76 0.257 1.858 131.86 ± 13.186 93.01 6.3 0.69 
76-78 0.284 1.790 135.44 ± 13.544 92.24 6.77 0.99 
78-80 0.301 1.748 138.935 ± 13.89 79.7 19.17 1.13 
80-82 0.315 1.714 142.362 ± 14.23 83.67 14.75 1.58 
82-84 0.307 1.733 145.828 ± 14.58 83.69 14.75 1.56 
84-86 0.298 1.754 149.337 ± 14.93 89.42 9.66 0.92 
86-88 0.300 1.751 152.838 ± 15.28 88.04 11.1 0.86 
88-90 0.303 1.744 156.325 ± 15.63 89.15 10.11 0.74 
90-92 0.307 1.732 159.79 ± 15.979 84.01 14.52 1.47 
92-94 0.298 1.756 163.301 ± 16.33 90 8.94 1.06 
94-96 0.276 1.811 166.923 ± 16.69 86.01 12.75 1.24 
96-98 0.259 1.852 170.628 ± 17.06 91.56 7.72 0.72 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.783 0.538 0.538 ± 0.054 27.97 64.37 7.66 
1-2 0.742 0.641 1.18 ± 0.118 34.71 57.41 7.88 
2-3 0.711 0.718 1.898 ± 0.19 22.84 66.47 10.69 
3-4 0.651 0.869 2.767 ± 0.277 33.39 54.06 12.55 
4-5 0.508 1.226 3.993 ± 0.399 38.91 48.08 13.01 
5-6 0.449 1.375 5.367 ± 0.537 57.23 40.35 2.42 
6-7 0.495 1.259 6.626 ± 0.663 59.08 37.94 2.98 
7-8 0.461 1.345 7.971 ± 0.797 47.64 44.18 8.18 
8-9 0.392 1.518 9.489 ± 0.949 ND ND ND 
9-10 0.378 1.554 11.043 ± 1.104 66.44 31.1 2.46 
10-11 0.368 1.577 12.62 ± 1.262 56.87 32.13 11 
11-12 0.364 1.587 14.207 ± 1.421 53.99 35.01 11 
12-13 0.355 1.611 15.818 ± 1.582 38.25 43.78 17.97 
13-14 0.354 1.614 17.432 ± 1.743 66.59 26.48 6.93 
14-15 0.355 1.612 19.044 ± 1.904 56.91 33.39 9.7 
15-16 0.364 1.590 20.634 ± 2.063 56.36 33.75 9.89 
16-17 0.365 1.586 22.22 ± 2.222 52.05 37.24 10.71 
17-18 0.367 1.581 23.802 ± 2.38 51.59 36.8 11.61 
18-19 0.373 1.566 25.368 ± 2.537 56.5 30.43 13.07 
19-20 0.381 1.545 26.913 ± 2.691 59.32 31.98 8.7 
20-21 0.395 1.513 28.425 ± 2.843 63.11 27.37 9.52 
21-22 0.389 1.527 29.952 ± 2.995 54.41 37.84 7.75 
22-23 0.392 1.520 31.472 ± 3.147 52.16 39.93 7.91 
23-24 0.390 1.525 32.998 ± 3.3 57.98 34.46 7.56 
24-25 0.379 1.551 34.548 ± 3.455 58.1 36.3 5.6 
25-26 0.371 1.571 36.119 ± 3.612 69.95 26.55 3.5 
26-27 0.362 1.595 37.714 ± 3.771 66.34 28.88 4.78 
27-28 0.347 1.633 39.347 ± 3.935 66.83 29.43 3.74 
28-29 0.331 1.673 41.021 ± 4.102 67.64 28.79 3.57 
29-30 0.316 1.709 42.73 ± 4.273 76.42 20.56 3.02 
30-31 0.311 1.723 44.453 ± 4.445 77.09 20.5 2.41 
31-32 0.310 1.725 46.178 ± 4.618 62.8 29.65 7.55 
32-33 0.303 1.742 47.92 ± 4.792 64.45 31.44 4.11 
33-34 0.296 1.760 49.68 ± 4.968 59.15 34.76 6.09 
34-35 0.293 1.766 51.446 ± 5.145 67.47 28.13 4.4 
35-36 0.303 1.743 53.189 ± 5.319 67.43 28.79 3.78 
36-37 0.330 1.675 54.864 ± 5.486 61.77 34.26 3.97 
37-38 0.337 1.658 56.522 ± 5.652 51.84 40.71 7.45 
38-39 0.333 1.668 58.19 ± 5.819 63.22 34.11 2.67 
39-40 0.345 1.636 59.826 ± 5.983 69.25 25.35 5.4 
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40-41 0.345 1.638 61.464 ± 6.146 53.32 41.84 4.84 
41-42 0.329 1.677 63.141 ± 6.314 63.81 32.18 4.01 
42-43 0.346 1.634 64.775 ± 6.478 69.85 27.63 2.52 
43-44 0.348 1.630 66.406 ± 6.641 45.63 50.23 4.14 
44-45 0.367 1.582 67.988 ± 6.799 58.56 35.46 5.98 
45-46 0.346 1.635 69.623 ± 6.962 54.59 39.23 6.18 
46-47 0.328 1.678 71.302 ± 7.13 61 34.32 4.68 
47-48 0.331 1.673 72.974 ± 7.297 54.35 41.52 4.13 
48-49 0.314 1.714 74.688 ± 7.469 68.29 28.55 3.16 
49-50 0.279 1.800 76.489 ± 7.649 61.21 34.91 3.88 
50-52 0.238 1.904 80.297 ± 8.03 93.21 5.91 0.88 
52-54 0.253 1.867 84.032 ± 8.403 84.16 14.78 1.06 
54-56 0.251 1.872 87.776 ± 8.778 76.35 21.33 2.32 
56-58 0.329 1.677 91.13 ± 9.113 80.61 18.19 1.2 
58-60 0.326 1.686 94.502 ± 9.45 75.47 23.06 1.47 
60-62 0.330 1.676 97.854 ± 9.785 77.94 20.45 1.61 
62-64 0.329 1.677 101.208 ± 10.12 75.51 22.49 2 
64-66 0.342 1.646 104.5 ± 10.45 79.63 18.02 2.35 
66-68 0.338 1.654 107.808 ± 10.78 70.95 26.34 2.71 
68-70 0.321 1.698 111.204 ± 11.12 67.84 29.75 2.41 
70-72 0.334 1.666 114.537 ± 11.45 74.37 23.75 1.88 
72-74 0.338 1.655 117.847 ± 11.78 56.78 39.57 3.65 
74-76 0.332 1.670 121.188 ± 12.11 70.62 27.08 2.3 
76-78 0.334 1.665 124.518 ± 12.45 66.27 30.8 2.93 
78-80 0.339 1.652 127.823 ± 12.78 61.06 35.9 3.04 
80-82 0.342 1.646 131.115 ± 13.11 65.43 31.64 2.93 
82-84 0.342 1.646 134.407 ± 13.44 72.84 25.04 2.12 
84-86 0.337 1.658 137.723 ± 13.77 50.26 45.52 4.22 
86-88 0.332 1.669 141.061 ± 14.10 64.76 32.52 2.72 
88-90 0.331 1.671 144.404 ± 14.44 73.83 24.08 2.09 
90-92 0.332 1.669 147.742 ± 14.77 55.48 40.87 3.65 
92-94 0.334 1.666 151.074 ± 15.10 52.83 43.23 3.94 
94-96 0.334 1.666 154.405 ± 15.44 47.71 46.44 5.85 
96-98 0.345 1.637 157.679 ± 15.76 62.4 34.09 3.51 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.774 0.562 0.562 ± 0.056 9.49 71.01 19.5 
1-2 0.745 0.635 1.198 ± 0.12 21.89 61.15 16.96 
2-3 0.759 0.600 1.797 ± 0.18 3.45 70.45 26.1 
3-4 0.794 0.513 2.31 ± 0.231 45.19 40.55 14.26 
4-5 0.755 0.611 2.921 ± 0.292 20.49 63.97 15.54 
5-6 0.768 0.578 3.499 ± 0.35 14.1 65.56 20.34 
6-7 0.786 0.534 4.033 ± 0.403 3.91 80.28 15.81 
7-8 0.731 0.669 4.701 ± 0.47 16.21 69.75 14.04 
8-9 0.688 0.777 5.478 ± 0.548 27.18 61.53 11.29 
9-10 0.711 0.720 6.198 ± 0.62 22.56 64.81 12.63 
10-11 0.626 0.932 7.13 ± 0.713 38.98 49.18 11.84 
11-12 0.701 0.745 7.875 ± 0.787 21.42 67.1 11.48 
12-13 0.677 0.805 8.68 ± 0.868 29.87 61.37 8.76 
13-14 0.652 0.867 9.547 ± 0.955 32.51 60.8 6.69 
14-15 0.603 0.988 10.535 ± 1.053 36.09 55.75 8.16 
15-16 0.501 1.245 11.78 ± 1.178 82.6 14.5 2.9 
16-17 0.416 1.460 13.24 ± 1.324 88.17 9.63 2.2 
17-18 0.387 1.531 14.771 ± 1.477 88.57 9.55 1.88 
18-19 0.018 2.453 17.223 ± 1.722 86.95 10.94 2.11 
19-20 0.579 1.051 18.274 ± 1.827 69.64 26.71 3.65 
20-21 0.377 1.557 19.831 ± 1.983 69.49 25.12 5.39 
21-22 0.364 1.590 21.421 ± 2.142 69.7 24.51 5.79 
22-23 0.372 1.570 22.991 ± 2.299 66.47 31.54 1.99 
23-24 0.379 1.552 24.543 ± 2.454 67.05 30.98 1.97 
24-25 0.353 1.615 26.158 ± 2.616 56.72 39.82 3.46 
25-26 0.347 1.632 27.79 ± 2.779 58.15 34.29 7.56 
26-27 0.387 1.532 29.322 ± 2.932 55.62 33.86 10.52 
27-28 0.381 1.548 30.87 ± 3.087 58.73 31.45 9.82 
28-29 0.361 1.597 32.467 ± 3.247 53.71 37.47 8.82 
29-30 0.355 1.612 34.079 ± 3.408 22.41 60.17 17.42 
30-31 0.361 1.598 35.677 ± 3.568 46.19 43.47 10.34 
31-32 0.373 1.568 37.245 ± 3.724 44.27 46.37 9.36 
32-33 0.373 1.568 38.812 ± 3.881 41.21 51.37 7.42 
33-34 0.378 1.556 40.368 ± 4.037 51.64 43.44 4.92 
34-35 0.372 1.570 41.939 ± 4.194 38.07 53.89 8.04 
35-36 0.371 1.573 43.511 ± 4.351 48.13 47.83 4.04 
36-37 0.377 1.558 45.069 ± 4.507 57.59 34.37 8.04 
37-38 0.382 1.546 46.615 ± 4.661 64.74 30.56 4.7 
38-39 0.386 1.534 48.149 ± 4.815 61.89 33.36 4.75 
39-40 0.381 1.547 49.696 ± 4.97 68.94 26.04 5.02 
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40-41 0.391 1.523 51.22 ± 5.122 66.67 29.28 4.05 
41-42 0.386 1.535 52.755 ± 5.275 56.41 37.82 5.77 
42-43 0.391 1.523 54.278 ± 5.428 43.88 45.39 10.73 
43-44 0.372 1.569 55.847 ± 5.585 57.09 35.02 7.89 
44-45 0.372 1.569 57.415 ± 5.742 79.6 17.86 2.54 
45-46 0.365 1.587 59.002 ± 5.9 59.57 33.76 6.67 
46-47 0.357 1.608 60.61 ± 6.061 66.1 28.16 5.74 
47-48 0.363 1.592 62.202 ± 6.22 77.51 19.51 2.98 
48-49 0.348 1.629 63.831 ± 6.383 80.38 17.16 2.46 
49-50 0.341 1.646 65.477 ± 6.548 72.75 25.02 2.23 
50-52 0.331 1.673 68.824 ± 6.882 81.02 16.1 2.88 
52-54 0.314 1.714 72.252 ± 7.225 75.53 21.19 3.28 
54-56 0.279 1.802 75.856 ± 7.586 84.66 13.08 2.26 
56-58 0.322 1.695 79.246 ± 7.925 86.35 11.64 2.01 
58-60 0.329 1.677 82.601 ± 8.26 82.78 14.2 3.02 
60-62 0.326 1.685 85.972 ± 8.597 79.04 17.46 3.5 
62-64 0.320 1.701 89.374 ± 8.937 74.94 20.97 4.09 
64-66 0.304 1.741 92.855 ± 9.285 82.66 14.81 2.53 
66-68 0.342 1.646 96.147 ± 9.615 82.04 15.19 2.77 
68-70 0.313 1.718 99.582 ± 9.958 78.58 18.01 3.41 
70-72 0.302 1.744 103.07 ± 10.307 78.92 18 3.08 
72-74 0.299 1.753 106.575 ± 10.65 68.23 27.95 3.82 
74-76 0.317 1.707 109.989 ± 10.99 78.64 18.75 2.61 
76-78 0.333 1.667 113.324 ± 11.33 73.34 24.53 2.13 
78-80 0.327 1.682 116.687 ± 11.66 80.52 17.63 1.85 
80-82 0.310 1.726 120.14 ± 12.014 82.87 14.66 2.47 
82-84 0.308 1.729 123.597 ± 12.36 87.95 10.15 1.9 
84-86 0.354 1.614 126.825 ± 12.68 85.64 12.65 1.71 
86-88 0.357 1.608 130.041 ± 13.00 86.7 11.68 1.62 
88-90 0.350 1.625 133.292 ± 13.32 84.62 13.26 2.12 
90-92 0.327 1.684 136.659 ± 13.66 86.06 12.45 1.49 
92-94 0.332 1.671 140.001 ± 14 80.55 17.05 2.4 
94-96 0.341 1.647 143.295 ± 14.32 78.37 19.07 2.56 
96-98 0.338 1.654 146.603 ± 14.66 84.35 14 1.65 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.525 1.187 1.187 ± 0.119 69.87 25.16 4.97 
1-2 0.502 1.243 2.43 ± 0.243 66.89 26.04 7.07 
2-3 0.489 1.275 3.705 ± 0.371 77.54 19.05 3.41 
3-4 0.484 1.288 4.994 ± 0.499 72.82 23.54 3.64 
4-5 0.472 1.320 6.313 ± 0.631 68.66 26.09 5.25 
5-6 0.460 1.349 7.662 ± 0.766 73.17 23.48 3.35 
6-7 0.453 1.365 9.026 ± 0.903 70.74 24.38 4.88 
7-8 0.464 1.339 10.366 ± 1.037 74.78 21.95 3.27 
8-9 0.473 1.317 11.682 ± 1.168 78.71 18.81 2.48 
9-10 0.460 1.349 13.031 ± 1.303 75.91 20.64 3.45 
10-11 0.459 1.351 14.383 ± 1.438 71.53 22.51 5.96 
11-12 0.471 1.321 15.703 ± 1.57 69.98 24.5 5.52 
12-13 0.454 1.362 17.066 ± 1.707 63.69 27.95 8.36 
13-14 0.421 1.445 18.51 ± 1.851 73.84 21.29 4.87 
14-15 0.439 1.402 19.912 ± 1.991 69.38 25.87 4.75 
15-16 0.450 1.376 21.288 ± 2.129 66.55 27.34 6.11 
16-17 0.440 1.401 22.689 ± 2.269 77.29 19.3 3.41 
17-18 0.415 1.462 24.15 ± 2.415 91.41 6.95 1.64 
18-19 0.410 1.475 25.626 ± 2.563 73.16 22.44 4.4 
19-20 0.380 1.548 27.174 ± 2.717 76.22 19.97 3.81 
20-21 0.390 1.525 28.699 ± 2.87 54.31 38.86 6.83 
21-22 0.383 1.544 30.242 ± 3.024 67.35 29.17 3.48 
22-23 0.379 1.551 31.794 ± 3.179 67.74 27.34 4.92 
23-24 0.373 1.566 33.36 ± 3.336 76.94 20.12 2.94 
24-25 0.361 1.597 34.957 ± 3.496 71.51 24.44 4.05 
25-26 0.350 1.623 36.58 ± 3.658 64.91 31.34 3.75 
26-27 0.347 1.631 38.211 ± 3.821 75.1 21.07 3.83 
27-28 0.353 1.617 39.828 ± 3.983 74.6 22.5 2.9 
28-29 0.356 1.609 41.437 ± 4.144 73.16 23.8 3.04 
29-30 0.352 1.618 43.055 ± 4.305 76.03 21.16 2.81 
30-31 0.338 1.655 44.71 ± 4.471 77.22 21.31 1.47 
31-32 0.345 1.638 46.347 ± 4.635 80.71 17.45 1.84 
32-33 0.352 1.618 47.966 ± 4.797 75.38 22.76 1.86 
33-34 0.354 1.614 49.58 ± 4.958 73.36 24.53 2.11 
34-35 0.348 1.630 51.209 ± 5.121 73.67 24.13 2.2 
35-36 0.346 1.635 52.844 ± 5.284 80.98 16.83 2.19 
36-37 0.346 1.635 54.479 ± 5.448 76.33 22.06 1.61 
37-38 0.347 1.631 56.111 ± 5.611 74.78 23.42 1.8 
38-39 0.351 1.623 57.733 ± 5.773 74.44 22.89 2.67 
39-40 0.358 1.605 59.338 ± 5.934 69.66 27.4 2.94 
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40-41 0.358 1.605 60.944 ± 6.094 74.47 23.6 1.93 
41-42 0.357 1.607 62.551 ± 6.255 68.63 28.57 2.8 
42-43 0.353 1.617 64.168 ± 6.417 70.93 26.72 2.35 
43-44 0.359 1.602 65.77 ± 6.577 81.55 16.97 1.48 
44-45 0.368 1.579 67.348 ± 6.735 72.31 25.76 1.93 
45-46 0.369 1.576 68.924 ± 6.892 56.09 38.26 5.65 
46-47 0.378 1.553 70.477 ± 7.048 62.06 33.37 4.57 
47-48 0.389 1.526 72.003 ± 7.2 53.67 40.75 5.58 
48-49 0.377 1.557 73.56 ± 7.356 71.48 25.58 2.94 
49-50 0.360 1.599 75.158 ± 7.516 61.85 34.02 4.13 
50-52 0.376 1.561 78.28 ± 7.828 66.7 30.11 3.19 
52-54 0.384 1.540 81.361 ± 8.136 38.7 54.7 6.6 
54-56 0.372 1.569 84.499 ± 8.45 70.6 26.52 2.88 
56-58 0.386 1.534 87.567 ± 8.757 60.48 34.77 4.75 
58-60 0.387 1.532 90.632 ± 9.063 57.36 38.38 4.26 
60-62 0.374 1.565 93.763 ± 9.376 67.46 29.58 2.96 
62-64 0.371 1.574 96.91 ± 9.691 70 27 3 
64-66 0.352 1.620 100.149 ± 10.01 73.57 24.15 2.28 
66-68 0.341 1.647 103.444 ± 10.34 80.73 17.57 1.7 
68-70 0.344 1.640 106.723 ± 10.67 79.27 19.44 1.29 
70-72 0.347 1.632 109.986 ± 10.99 77.36 20.64 2 
72-74 0.352 1.620 113.227 ± 11.32 66.9 30.09 3.01 
74-76 0.346 1.636 116.499 ± 11.65 74.96 22.49 2.55 
76-78 0.343 1.644 119.786 ± 11.97 75.46 20.4 4.14 
78-80 0.332 1.669 123.124 ± 12.31 81.66 16.37 1.97 
80-82 0.331 1.672 126.468 ± 12.64 84.95 13.2 1.85 
82-84 0.336 1.661 129.79 ± 12.979 78.86 19.03 2.11 
84-86 0.342 1.646 133.081 ± 13.30 93.15 6.13 0.72 
86-88 0.357 1.608 136.298 ± 13.63 81.2 16.97 1.83 
88-90 0.353 1.616 139.531 ± 13.95 81.12 16.75 2.13 
90-92 0.352 1.620 142.77 ± 14.277 70.9 26.92 2.18 
92-94 0.367 1.583 145.937 ± 14.59 69.65 27.86 2.49 
94-96 0.389 1.528 148.994 ± 14.89 75.32 21.63 3.05 
96-98 0.353 1.617 152.227 ± 15.22 69.93 27.51 2.56 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.779 0.551 0.551 ± 0.055 8.88 75.84 15.28 
1-2 0.685 0.782 1.333 ± 0.133 26.32 63.59 10.09 
2-3 0.716 0.708 2.041 ± 0.204 27.97 58.26 13.77 
3-4 0.812 0.468 2.509 ± 0.251 10.11 68.3 21.59 
4-5 0.788 0.528 3.037 ± 0.304 32.09 54.23 13.68 
5-6 0.785 0.535 3.572 ± 0.357 17.51 64.85 17.64 
6-7 0.726 0.682 4.254 ± 0.425 31.08 58.63 10.29 
7-8 0.660 0.846 5.1 ± 0.51 55.9 38.63 5.47 
8-9 0.633 0.913 6.013 ± 0.601 66.49 28.95 4.56 
9-10 0.586 1.032 7.046 ± 0.705 33.02 56.29 10.69 
10-11 0.538 1.150 8.196 ± 0.82 57.86 35.68 6.46 
11-12 0.498 1.249 9.445 ± 0.944 67.26 29.59 3.15 
12-13 0.506 1.231 10.675 ± 1.068 62.8 32.94 4.26 
13-14 0.460 1.344 12.019 ± 1.202 49.86 43.3 6.84 
14-15 0.420 1.448 13.467 ± 1.347 53.5 39.24 7.26 
15-16 0.380 1.548 15.016 ± 1.502 79.69 18.28 2.03 
16-17 0.360 1.598 16.613 ± 1.661 76.5 21.93 1.57 
17-18 0.359 1.602 18.215 ± 1.822 53.18 40.08 6.74 
18-19 0.352 1.619 19.834 ± 1.983 69.94 26.34 3.72 
19-20 0.349 1.627 21.461 ± 2.146 83.74 14.45 1.81 
20-21 0.345 1.637 23.099 ± 2.31 81.14 14.5 4.36 
21-22 0.329 1.676 24.775 ± 2.477 76.38 20.39 3.23 
22-23 0.334 1.663 26.438 ± 2.644 86.41 12.02 1.57 
23-24 0.334 1.664 28.102 ± 2.81 82.19 15.84 1.97 
24-25 0.335 1.661 29.762 ± 2.976 87.14 11.53 1.33 
25-26 0.400 1.500 31.262 ± 3.126 73.4 22.38 4.22 
26-27 0.546 1.135 32.397 ± 3.24 16.78 67.33 15.89 
27-28 0.474 1.313 33.71 ± 3.371 36.02 53.91 10.07 
28-29 0.469 1.325 35.035 ± 3.504 53.68 37.96 8.36 
29-30 0.439 1.400 36.436 ± 3.644 50.06 43.74 6.2 
30-31 0.406 1.484 37.92 ± 3.792 62.32 31.93 5.75 
31-32 0.363 1.590 39.51 ± 3.951 76.11 19.96 3.93 
32-33 0.340 1.649 41.159 ± 4.116 73.92 24.06 2.02 
33-34 0.340 1.651 42.81 ± 4.281 75.19 22.47 2.34 
34-35 0.344 1.640 44.449 ± 4.445 69.37 27.8 2.83 
35-36 0.342 1.645 46.094 ± 4.609 79.29 18.73 1.98 
36-37 0.342 1.643 47.738 ± 4.774 76.83 21.18 1.99 
37-38 0.347 1.632 49.37 ± 4.937 72.57 25.02 2.41 
38-39 0.348 1.630 51 ± 5.1 72.89 24.56 2.55 
39-40 0.348 1.628 52.628 ± 5.263 73.68 24.25 2.07 
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40-41 0.348 1.629 54.257 ± 5.426 75.6 22.31 2.09 
41-42 0.349 1.626 55.883 ± 5.588 75.77 22.14 2.09 
42-43 0.346 1.634 57.517 ± 5.752 74.06 23.71 2.23 
43-44 0.341 1.647 59.164 ± 5.916 80.6 17.79 1.61 
44-45 0.330 1.674 60.837 ± 6.084 87.57 11.14 1.29 
45-46 0.320 1.701 62.538 ± 6.254 90.37 8.77 0.86 
46-47 0.319 1.703 64.241 ± 6.424 91.64 7.5 0.86 
47-48 0.317 1.708 65.949 ± 6.595 94.05 5.24 0.71 
48-49 0.303 1.742 67.691 ± 6.769 93.01 6.28 0.71 
49-50 0.300 1.749 69.44 ± 6.944 91.3 7.86 0.84 
50-52 0.312 1.721 72.881 ± 7.288 97.09 2.91 0 
52-54 0.318 1.704 76.289 ± 7.629 96.11 3.33 0.56 
54-56 0.310 1.726 79.74 ± 7.974 100 0 0 
56-58 0.303 1.742 83.224 ± 8.322 95.95 3.66 0.39 
58-60 0.315 1.713 86.65 ± 8.665 96.49 3.51 0 
60-62 0.316 1.709 90.069 ± 9.007 100 0 0 
62-64 0.304 1.741 93.55 ± 9.355 100 0 0 
64-66 0.295 1.764 97.078 ± 9.708 94.7 4.72 0.58 
66-68 0.307 1.734 100.545 ± 10.05 93.04 6.33 0.63 
68-70 0.365 1.587 103.72 ± 10.372 86.19 12.56 1.25 
70-72 0.383 1.542 106.804 ± 10.68 76.46 21.69 1.85 
72-74 0.374 1.566 109.936 ± 10.99 80.31 18.07 1.62 
74-76 0.375 1.562 113.06 ± 11.306 79.13 19.18 1.69 
76-78 0.383 1.542 116.143 ± 11.61 75.23 22.03 2.74 
78-80 0.376 1.559 119.261 ± 11.92 81.88 16.33 1.79 
80-82 0.368 1.581 122.424 ± 12.24 73.03 23.82 3.15 
82-84 0.361 1.598 125.62 ± 12.562 74.77 22.34 2.89 
84-86 0.348 1.629 128.878 ± 12.88 80.12 18.42 1.46 
86-88 0.332 1.669 132.216 ± 13.22 78.83 19.2 1.97 
88-90 0.335 1.662 135.539 ± 13.55 75.56 22.67 1.77 
90-92 0.367 1.582 138.702 ± 13.87 80.16 18.15 1.69 
92-94 0.369 1.578 141.859 ± 14.18 76.02 22.07 1.91 
94-96 0.368 1.580 145.02 ± 14.502 69.77 26.79 3.44 
96-98 0.380 1.549 148.118 ± 14.81 58.58 35.7 5.72 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.822 0.443 0.443 ± 0.044 60.06 34.21 5.73 
1-2 0.806 0.484 0.926 ± 0.093 59.19 37.14 3.67 
2-3 0.806 0.483 1.41 ± 0.141 20.58 64.96 14.46 
3-4 0.798 0.502 1.912 ± 0.191 28.03 63.9 8.07 
4-5 0.772 0.568 2.479 ± 0.248 45.87 47.52 6.61 
5-6 0.750 0.624 3.103 ± 0.31 42.03 48.02 9.95 
6-7 0.753 0.615 3.718 ± 0.372 30.43 59.79 9.78 
7-8 0.712 0.716 4.434 ± 0.443 44.16 47.97 7.87 
8-9 0.680 0.797 5.231 ± 0.523 33.36 58.28 8.36 
9-10 0.663 0.839 6.07 ± 0.607 45.21 48.89 5.9 
10-11 0.639 0.899 6.97 ± 0.697 42.8 48.97 8.23 
11-12 0.644 0.887 7.856 ± 0.786 39.71 51.08 9.21 
12-13 0.636 0.907 8.763 ± 0.876 43.23 48.64 8.13 
13-14 0.602 0.991 9.754 ± 0.975 39.21 53.53 7.26 
14-15 0.589 1.025 10.779 ± 1.078 26.1 63.53 10.37 
15-16 0.577 1.054 11.833 ± 1.183 55.31 40.11 4.58 
16-17 0.561 1.096 12.929 ± 1.293 49.78 45.75 4.47 
17-18 0.519 1.200 14.13 ± 1.413 63.23 33.93 2.84 
18-19 0.453 1.367 15.496 ± 1.55 58.13 38.53 3.34 
19-20 0.434 1.414 16.91 ± 1.691 48.26 47.21 4.53 
20-21 0.382 1.543 18.453 ± 1.845 70.46 27.68 1.86 
21-22 0.356 1.608 20.061 ± 2.006 73.42 25.5 1.08 
22-23 0.348 1.629 21.69 ± 2.169 71.96 26.27 1.77 
23-24 0.332 1.670 23.36 ± 2.336 64.5 32.85 2.65 
24-25 0.327 1.682 25.041 ± 2.504 66.64 30.85 2.51 
25-26 0.326 1.686 26.727 ± 2.673 88.73 10.44 0.83 
26-27 0.325 1.687 28.414 ± 2.841 82.59 16.09 1.32 
27-28 0.325 1.688 30.102 ± 3.01 86.25 13.01 0.74 
28-29 0.330 1.674 31.776 ± 3.178 90.09 9.23 0.68 
29-30 0.325 1.686 33.462 ± 3.346 93.87 5.53 0.6 
30-31 0.317 1.707 35.169 ± 3.517 67.24 30.36 2.4 
31-32 0.316 1.710 36.879 ± 3.688 73.63 24.77 1.6 
32-33 0.314 1.714 38.592 ± 3.859 79.02 19.5 1.48 
33-34 0.326 1.684 40.276 ± 4.028 59.69 37.25 3.06 
34-35 0.332 1.668 41.944 ± 4.194 72.23 26.01 1.76 
35-36 0.333 1.666 43.611 ± 4.361 85.52 13.27 1.21 
36-37 0.335 1.661 45.272 ± 4.527 81.41 16.76 1.83 
37-38 0.330 1.676 46.947 ± 4.695 75.37 23.33 1.3 
38-39 0.329 1.678 48.625 ± 4.863 74.44 23.26 2.3 
39-40 0.328 1.680 50.306 ± 5.031 79.95 18.62 1.43 
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40-41 0.340 1.651 51.957 ± 5.196 83.8 14.96 1.24 
41-42 0.348 1.631 53.587 ± 5.359 70.21 26.53 3.26 
42-43 0.354 1.614 55.201 ± 5.52 79.84 18.42 1.74 
43-44 0.364 1.591 56.792 ± 5.679 82.43 15.58 1.99 
44-45 0.363 1.592 58.384 ± 5.838 83.87 14.92 1.21 
45-46 0.368 1.580 59.964 ± 5.996 79.51 17.42 3.07 
46-47 0.366 1.584 61.548 ± 6.155 63.23 30.26 6.51 
47-48 0.358 1.604 63.152 ± 6.315 77.76 18.74 3.5 
48-49 0.354 1.615 64.767 ± 6.477 87.27 11.24 1.49 
49-50 0.356 1.609 66.376 ± 6.638 85 13.01 1.99 
50-52 0.351 1.621 69.618 ± 6.962 81.97 15.67 2.36 
52-54 0.362 1.596 72.81 ± 7.281 86.04 11.82 2.14 
54-56 0.370 1.575 75.959 ± 7.596 80.12 17.72 2.16 
56-58 0.376 1.561 79.082 ± 7.908 68.3 27.16 4.54 
58-60 0.377 1.557 82.195 ± 8.22 81.09 17.2 1.71 
60-62 0.365 1.589 85.372 ± 8.537 71.76 26.16 2.08 
62-64 0.355 1.614 88.599 ± 8.86 77.03 20.96 2.01 
64-66 0.352 1.620 91.84 ± 9.184 70.49 27.28 2.23 
66-68 0.351 1.621 95.083 ± 9.508 75.53 22.51 1.96 
68-70 0.350 1.624 98.33 ± 9.833 83.39 15.37 1.24 
70-72 0.345 1.638 101.606 ± 10.16 71.86 25.62 2.52 
72-74 0.339 1.653 104.912 ± 10.49 75.94 21.9 2.16 
74-76 0.338 1.656 108.223 ± 10.82 88.9 10.47 0.63 
76-78 0.338 1.655 111.534 ± 11.15 76.88 21.31 1.81 
78-80 0.339 1.653 114.84 ± 11.484 84.01 14.82 1.17 
80-82 0.330 1.676 118.192 ± 11.81 83.04 15.65 1.31 
82-84 0.340 1.651 121.493 ± 12.14 74.89 23.81 1.3 
84-86 0.350 1.625 124.744 ± 12.47 86.93 12.13 0.94 
86-88 0.381 1.547 127.839 ± 12.78 79.27 18.09 2.64 
88-90 0.382 1.545 130.929 ± 13.09 64.59 29.6 5.81 
90-92 0.404 1.491 133.91 ± 13.391 65.72 30.23 4.05 
92-94 0.382 1.544 136.998 ± 13.7 67.87 28.26 3.87 
94-96 0.376 1.559 140.116 ± 14.01 76.3 20.83 2.87 
96-98 0.369 1.577 143.27 ± 14.327 62.87 31.87 5.26 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.623 0.938 0.938 ± 0.094 63.54 31.66 4.8 
1-2 0.575 1.059 1.997 ± 0.2 73.95 23.55 2.5 
2-3 0.602 0.991 2.988 ± 0.299 12.49 70.24 17.27 
3-4 0.606 0.983 3.971 ± 0.397 59.22 35.78 5 
4-5 0.618 0.951 4.922 ± 0.492 52.53 41.79 5.68 
5-6 0.546 1.133 6.056 ± 0.606 73.54 24.19 2.27 
6-7 0.479 1.299 7.354 ± 0.735 76.84 21.51 1.65 
7-8 0.100 2.245 9.599 ± 0.96 75.27 23.09 1.64 
8-9 0.395 1.512 11.111 ± 1.111 85.12 13.58 1.3 
9-10 0.338 1.654 12.765 ± 1.277 86.23 13.09 0.68 
10-11 0.327 1.681 14.447 ± 1.445 81.96 17.15 0.89 
11-12 0.330 1.672 16.118 ± 1.612 85.71 13.42 0.87 
12-13 0.337 1.656 17.775 ± 1.777 81.67 17.21 1.12 
13-14 0.338 1.652 19.427 ± 1.943 80.22 18.16 1.62 
14-15 0.343 1.641 21.068 ± 2.107 82.13 16.37 1.5 
15-16 0.363 1.593 22.661 ± 2.266 80.22 18.25 1.53 
16-17 0.372 1.570 24.23 ± 2.423 84.85 13.78 1.37 
17-18 0.377 1.555 25.785 ± 2.579 79.95 18.43 1.62 
18-19 0.398 1.503 27.288 ± 2.729 81.01 17.29 1.7 
19-20 0.396 1.509 28.797 ± 2.88 75.99 21.79 2.22 
20-21 0.386 1.532 30.329 ± 3.033 86.79 11.81 1.4 
21-22 0.375 1.562 31.891 ± 3.189 91.87 7.22 0.91 
22-23 0.358 1.604 33.495 ± 3.349 87.19 11.48 1.33 
23-24 0.351 1.622 35.117 ± 3.512 90.82 8.14 1.04 
24-25 0.349 1.626 36.743 ± 3.674 89.53 9.28 1.19 
25-26 0.347 1.632 38.375 ± 3.838 91.02 7.97 1.01 
26-27 0.339 1.652 40.027 ± 4.003 87.22 11.59 1.19 
27-28 0.337 1.656 41.683 ± 4.168 90.07 9.03 0.9 
28-29 0.340 1.650 43.333 ± 4.333 84.74 13.88 1.38 
29-30 0.335 1.661 44.994 ± 4.499 90.5 8.44 1.06 
30-31 0.331 1.671 46.665 ± 4.667 92.75 6.18 1.07 
31-32 0.328 1.680 48.345 ± 4.834 96.86 2.96 0.18 
32-33 0.327 1.682 50.027 ± 5.003 94 5.28 0.72 
33-34 0.325 1.686 51.713 ± 5.171 93.87 5.43 0.7 
34-35 0.320 1.701 53.414 ± 5.341 93.01 6.16 0.83 
35-36 0.319 1.703 55.118 ± 5.512 91.92 7.26 0.82 
36-37 0.322 1.694 56.812 ± 5.681 97.13 2.87 0 
37-38 0.323 1.693 58.504 ± 5.85 97.65 2.35 0 
38-39 0.323 1.692 60.196 ± 6.02 95.9 3.69 0.41 
39-40 0.321 1.698 61.894 ± 6.189 96.28 3.07 0.65 
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40-41 0.321 1.698 63.592 ± 6.359 94.82 4.67 0.51 
41-42 0.312 1.720 65.312 ± 6.531 94.5 4.88 0.62 
42-43 0.306 1.735 67.047 ± 6.705 95.56 4 0.44 
43-44 0.303 1.742 68.79 ± 6.879 95.14 4.26 0.6 
44-45 0.316 1.709 70.499 ± 7.05 85.61 12.75 1.64 
45-46 0.308 1.728 72.227 ± 7.223 83.1 14.53 2.37 
46-47 0.320 1.701 73.928 ± 7.393 76.76 21.12 2.12 
47-48 0.320 1.700 75.628 ± 7.563 77.79 20.4 1.81 
48-49 0.321 1.697 77.325 ± 7.732 87.43 11.05 1.52 
49-50 0.379 1.551 78.876 ± 7.888 84.96 13.42 1.62 
50-52 0.315 1.712 82.3 ± 8.23 90.18 8.93 0.89 
52-54 0.317 1.708 85.716 ± 8.572 80.5 18.05 1.45 
54-56 0.321 1.696 89.108 ± 8.911 91.92 7.51 0.57 
56-58 0.318 1.705 92.519 ± 9.252 93.72 5.86 0.42 
58-60 0.310 1.725 95.969 ± 9.597 91 8.45 0.55 
60-62 0.374 1.565 99.099 ± 9.91 91.55 7.8 0.65 
62-64 0.345 1.638 102.374 ± 10.23 94.52 5.12 0.36 
64-66 0.318 1.705 105.783 ± 10.57 96.24 3.76 0 
66-68 0.290 1.775 109.333 ± 10.93 97.24 2.76 0 
68-70 0.246 1.884 113.101 ± 11.31 100 0 0 
70-72 0.320 1.700 116.501 ± 11.65 94.15 5.3 0.55 
72-74 0.091 2.273 121.046 ± 12.10 100 0 0 
74-76 0.295 1.762 124.57 ± 12.457 85.09 13.19 1.72 
76-78 0.432 1.420 127.41 ± 12.741 100 0 0 
78-80 0.508 1.230 129.869 ± 12.98 100 0 0 
80-82 0.284 1.791 133.451 ± 13.34 100 0 0 
82-84 0.371 1.573 136.597 ± 13.66 59.65 34.23 6.12 
84-86 0.392 1.519 139.635 ± 13.96 59.07 34.26 6.67 
86-88 0.368 1.579 142.794 ± 14.27 67.59 28.35 4.06 
88-90 0.377 1.557 145.908 ± 14.59 50.9 42.5 6.6 
90-92 0.429 1.426 148.761 ± 14.87 65.41 31.29 3.3 
92-94 0.063 2.342 153.446 ± 15.34 70.46 24.66 4.88 
94-96 0.370 1.576 156.598 ± 15.66 55.22 39.66 5.12 
96-98 0.370 1.575 159.748 ± 15.97 76.4 19.89 3.71 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.869 0.328 0.328 ± 0.033 19.02 70.6 10.38 
1-2 0.859 0.353 0.681 ± 0.068 42.94 45.76 11.3 
2-3 0.793 0.517 1.199 ± 0.12 6.26 71.34 22.4 
3-4 0.738 0.655 1.853 ± 0.185 40.3 45.67 14.03 
4-5 0.735 0.662 2.516 ± 0.252 26.13 55.34 18.53 
5-6 0.738 0.655 3.171 ± 0.317 20.58 62.17 17.25 
6-7 0.758 0.604 3.775 ± 0.377 9.7 72.67 17.63 
7-8 0.753 0.617 4.391 ± 0.439 22.54 63.59 13.87 
8-9 0.743 0.641 5.033 ± 0.503 20.69 64.9 14.41 
9-10 0.738 0.654 5.687 ± 0.569 17.92 66.21 15.87 
10-11 0.711 0.723 6.41 ± 0.641 13.81 62.51 23.68 
11-12 0.687 0.784 7.194 ± 0.719 61.55 33.23 5.22 
12-13 0.531 1.172 8.366 ± 0.837 73.29 22.27 4.44 
13-14 0.479 1.302 9.668 ± 0.967 63.22 30.57 6.21 
14-15 0.398 1.504 11.172 ± 1.117 63.82 30.67 5.51 
15-16 0.355 1.613 12.786 ± 1.279 71.31 23.72 4.97 
16-17 0.345 1.637 14.423 ± 1.442 70.79 26.39 2.82 
17-18 0.352 1.619 16.042 ± 1.604 81.61 16.47 1.92 
18-19 0.358 1.605 17.647 ± 1.765 73.75 22.77 3.48 
19-20 0.411 1.472 19.119 ± 1.912 68.12 26.2 5.68 
20-21 0.386 1.535 20.653 ± 2.065 66.42 27.9 5.68 
21-22 0.393 1.518 22.171 ± 2.217 73.95 23.77 2.28 
22-23 0.348 1.630 23.801 ± 2.38 71.18 25.59 3.23 
23-24 0.333 1.667 25.468 ± 2.547 78.09 19.98 1.93 
24-25 0.336 1.659 27.127 ± 2.713 75.87 21.6 2.53 
25-26 0.332 1.671 28.798 ± 2.88 79.3 18.78 1.92 
26-27 0.332 1.671 30.469 ± 3.047 76.13 21.7 2.17 
27-28 0.330 1.675 32.143 ± 3.214 75.99 22.39 1.62 
28-29 0.333 1.668 33.811 ± 3.381 79.19 19.25 1.56 
29-30 0.327 1.682 35.494 ± 3.549 82.58 15.79 1.63 
30-31 0.322 1.694 37.188 ± 3.719 11.26 80.99 7.75 
31-32 0.326 1.686 38.873 ± 3.887 74.21 23.55 2.24 
32-33 0.332 1.671 40.544 ± 4.054 83.81 15.15 1.04 
33-34 0.335 1.662 42.206 ± 4.221 89.91 9.45 0.64 
34-35 0.338 1.655 43.861 ± 4.386 72.94 23.65 3.41 
35-36 0.335 1.663 45.523 ± 4.552 73.7 25.06 1.24 
36-37 0.335 1.664 47.187 ± 4.719 73.5 23.73 2.77 
37-38 0.332 1.669 48.856 ± 4.886 67.74 27.97 4.29 
38-39 0.325 1.686 50.543 ± 5.054 69.23 27.74 3.03 
39-40 0.321 1.698 52.241 ± 5.224 85.95 12.71 1.34 
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40-41 0.298 1.755 53.996 ± 5.4 82.18 16.71 1.11 
41-42 0.295 1.763 55.759 ± 5.576 71.63 26.59 1.78 
42-43 0.285 1.789 57.547 ± 5.755 83.21 15.69 1.1 
43-44 0.283 1.791 59.339 ± 5.934 84.67 14.4 0.93 
44-45 0.278 1.805 61.143 ± 6.114 78.28 20.42 1.3 
45-46 0.296 1.759 62.902 ± 6.29 82.89 16 1.11 
46-47 0.296 1.759 64.661 ± 6.466 83.73 15.28 0.99 
47-48 0.297 1.757 66.418 ± 6.642 83.69 15.26 1.05 
48-49 0.335 1.664 68.082 ± 6.808 74.19 23.41 2.4 
49-50 0.329 1.677 69.758 ± 6.976 90.38 8.96 0.66 
50-52 0.391 1.522 72.803 ± 7.28 75.1 20.67 4.23 
52-54 0.374 1.565 75.932 ± 7.593 64.93 28.13 6.94 
54-56 0.383 1.544 79.019 ± 7.902 79.1 18.84 2.06 
56-58 0.383 1.544 82.107 ± 8.211 86.26 12.26 1.48 
58-60 0.369 1.578 85.262 ± 8.526 72.85 23.1 4.05 
60-62 0.367 1.583 88.428 ± 8.843 71.68 26.09 2.23 
62-64 0.377 1.557 91.542 ± 9.154 72.22 24.85 2.93 
64-66 0.387 1.533 94.608 ± 9.461 61.23 33.29 5.48 
66-68 0.387 1.532 97.673 ± 9.767 64.41 32.55 3.04 
68-70 0.385 1.538 100.748 ± 10.07 68.56 24.82 6.62 
70-72 0.385 1.538 103.825 ± 10.38 80.45 17.85 1.7 
72-74 0.379 1.551 106.928 ± 10.69 78.93 19.38 1.69 
74-76 0.375 1.562 110.052 ± 11.00 68.74 28.87 2.39 
76-78 0.372 1.569 113.19 ± 11.319 73.72 24.43 1.85 
78-80 0.363 1.592 116.374 ± 11.63 75.11 23.31 1.58 
80-82 0.356 1.609 119.593 ± 11.95 71.99 25.51 2.5 
82-84 0.363 1.592 122.776 ± 12.27 67.55 30.19 2.26 
84-86 0.353 1.617 126.01 ± 12.601 67.93 29.51 2.56 
86-88 0.347 1.634 129.278 ± 12.92 69.95 27.71 2.34 
88-90 0.338 1.654 132.586 ± 13.25 64.31 31.91 3.78 
90-92 0.368 1.580 135.745 ± 13.57 68.64 27.3 4.06 
92-94 0.372 1.570 138.885 ± 13.88 71.14 25.4 3.46 
94-96 0.368 1.579 142.042 ± 14.20 63.89 29.98 6.13 
96-98 0.377 1.558 145.158 ± 14.51 56.82 23.93 19.25 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.829 0.425 0.425 ± 0.042 8.76 71.18 20.06 
1-2 0.816 0.457 0.881 ± 0.088 8.63 39.2 52.17 
2-3 0.810 0.473 1.354 ± 0.135 35.9 51.32 12.78 
3-4 0.782 0.541 1.895 ± 0.19 4.35 25.98 69.67 
4-5 0.775 0.559 2.454 ± 0.245 14.66 67.9 17.44 
5-6 0.782 0.541 2.995 ± 0.3 11.09 61.58 27.33 
6-7 0.768 0.577 3.572 ± 0.357 13.26 67.94 18.8 
7-8 0.768 0.577 4.15 ± 0.415 11.92 72.34 15.74 
8-9 0.746 0.633 4.782 ± 0.478 11.8 78.19 10.01 
9-10 0.775 0.559 5.341 ± 0.534 33.14 54.05 12.81 
10-11 0.768 0.577 5.919 ± 0.592 15.48 64.18 20.34 
11-12 0.753 0.614 6.532 ± 0.653 ND ND ND 
12-13 0.738 0.652 7.184 ± 0.718 19.63 73.72 6.65 
13-14 0.738 0.652 7.836 ± 0.784 19.28 60.54 20.18 
14-15 0.730 0.672 8.508 ± 0.851 35.36 51.44 13.2 
15-16 0.722 0.692 9.2 ± 0.92 23.45 63.6 12.95 
16-17 0.730 0.672 9.872 ± 0.987 30.11 58.72 11.17 
17-18 0.722 0.691 10.563 ± 1.056 39.11 32.56 28.33 
18-19 0.730 0.672 11.235 ± 1.123 56.7 38.95 4.35 
19-20 0.714 0.711 11.946 ± 1.195 39.34 51.48 9.18 
20-21 0.698 0.753 12.699 ± 1.27 34.12 31.77 34.11 
21-22 0.689 0.775 13.474 ± 1.347 25.73 35.98 38.29 
22-23 0.672 0.817 14.291 ± 1.429 53.68 37.54 8.78 
23-24 0.672 0.818 15.109 ± 1.511 41.68 45.54 12.78 
24-25 0.663 0.841 15.95 ± 1.595 51.51 42.48 6.01 
25-26 0.663 0.841 16.791 ± 1.679 30.76 51.82 17.42 
26-27 0.625 0.935 17.727 ± 1.773 60.1 32.37 7.53 
27-28 0.644 0.886 18.613 ± 1.861 36.53 35.22 28.25 
28-29 0.605 0.984 19.597 ± 1.96 73.5 21.82 4.68 
29-30 0.584 1.037 20.635 ± 2.063 65.29 29.88 4.83 
30-31 0.563 1.090 21.725 ± 2.173 69.55 24.42 6.03 
31-32 0.517 1.204 22.929 ± 2.293 66.59 27.95 5.46 
32-33 0.517 1.204 24.134 ± 2.413 51.72 40.79 7.49 
33-34 0.493 1.265 25.398 ± 2.54 49.88 37.86 12.26 
34-35 0.493 1.265 26.663 ± 2.666 73.16 23.8 3.04 
35-36 0.480 1.297 27.961 ± 2.796 65.32 30.97 3.71 
36-37 0.468 1.329 29.29 ± 2.929 29.22 30.18 40.6 
37-38 0.455 1.362 30.652 ± 3.065 37.9 29.28 32.82 
38-39 0.441 1.396 32.048 ± 3.205 72.55 22.69 4.76 
39-40 0.441 1.396 33.443 ± 3.344 69.5 25.72 4.78 
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40-41 0.414 1.465 34.908 ± 3.491 50.64 24.47 24.89 
41-42 0.441 1.396 36.304 ± 3.63 73.58 24.82 1.6 
42-43 0.414 1.465 37.769 ± 3.777 72 24.7 3.3 
43-44 0.399 1.501 39.27 ± 3.927 64.92 29.65 5.43 
44-45 0.385 1.538 40.808 ± 4.081 72.51 23.77 3.72 
45-46 0.385 1.538 42.346 ± 4.235 73.26 24.07 2.67 
46-47 0.385 1.538 43.884 ± 4.388 63.84 29.61 6.55 
47-48 0.385 1.538 45.421 ± 4.542 75.7 21.06 3.24 
48-49 0.385 1.538 46.959 ± 4.696 75.94 20.65 3.41 
49-50 0.370 1.575 48.535 ± 4.853 75.94 21.37 2.69 
50-52 0.370 1.576 50.11 ± 5.011 78.76 17.46 3.78 
52-54 0.370 1.576 51.686 ± 5.169 72.2 23.58 4.22 
54-56 0.370 1.576 53.262 ± 5.326 79.42 17 3.58 
56-58 0.370 1.576 54.838 ± 5.484 78.17 17.24 4.59 
58-60 0.370 1.576 56.414 ± 5.641 70.32 24.95 4.73 
60-62 0.370 1.576 57.99 ± 5.799 64.73 29.96 5.31 
62-64 0.370 1.576 59.566 ± 5.957 75.77 21.33 2.9 
64-66 0.370 1.576 61.142 ± 6.114 82.26 15.43 2.31 
66-68 0.370 1.576 62.717 ± 6.272 80.82 15.32 3.86 
68-70 0.370 1.576 64.293 ± 6.429 73.75 23.61 2.64 
70-72 0.370 1.576 65.869 ± 6.587 76.05 20.97 2.98 
72-74 0.370 1.576 67.445 ± 6.745 69.17 25.71 5.12 
74-76 0.370 1.576 69.021 ± 6.902 76.88 21.14 1.98 
76-78 0.370 1.576 70.597 ± 7.06 78.59 19.44 1.97 
78-80 0.370 1.576 72.173 ± 7.217 83.47 14.93 1.6 
80-82 0.370 1.576 73.749 ± 7.375 78.47 19.04 2.49 
82-84 0.370 1.576 75.325 ± 7.532 68.11 29.1 2.79 
84-86 0.370 1.576 76.9 ± 7.69 78.45 17.75 3.8 
86-88 0.370 1.576 78.476 ± 7.848 72.29 25 2.71 
88-90 0.385 1.538 80.015 ± 8.001 81.41 16.23 2.36 
90-92 0.370 1.576 83.166 ± 8.317 75 21.34 3.66 
92-94 0.385 1.538 86.243 ± 8.624 73.44 23.22 3.34 
94-96 0.399 1.502 89.247 ± 8.925 49.26 40.26 10.48 
96-98 0.399 1.502 92.251 ± 9.225 69.63 24.27 6.1 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.896 0.260 0.26 ± 0.026 23.94 68.42 7.64 
1-2 0.809 0.479 0.738 ± 0.074 41.7 42.53 15.77 
2-3 0.818 0.454 1.192 ± 0.119 22.05 65.81 12.14 
3-4 0.840 0.399 1.591 ± 0.159 15.19 39.94 44.87 
4-5 0.854 0.365 1.956 ± 0.196 6.31 39.15 54.54 
5-6 0.839 0.403 2.359 ± 0.236 11.97 62.45 25.58 
6-7 0.786 0.534 2.893 ± 0.289 28.77 63.71 7.52 
7-8 0.747 0.633 3.526 ± 0.353 43.39 49.03 7.58 
8-9 0.669 0.827 4.354 ± 0.435 27.05 63.55 9.4 
9-10 0.549 1.127 5.481 ± 0.548 52.75 42.86 4.39 
10-11 0.437 1.407 6.888 ± 0.689 56.5 38.78 4.72 
11-12 0.431 1.422 8.309 ± 0.831 56.39 38.32 5.29 
12-13 0.426 1.435 9.744 ± 0.974 48.62 45.33 6.05 
13-14 0.429 1.427 11.171 ± 1.117 56.39 37.57 6.04 
14-15 0.407 1.482 12.653 ± 1.265 57.64 34.77 7.59 
15-16 0.388 1.530 14.183 ± 1.418 70.39 25.55 4.06 
16-17 0.381 1.549 15.731 ± 1.573 61.84 33.03 5.13 
17-18 0.411 1.473 17.205 ± 1.72 58.63 33.71 7.66 
18-19 0.454 1.364 18.568 ± 1.857 63.21 29.24 7.55 
19-20 0.477 1.308 19.876 ± 1.988 39.48 44.55 15.97 
20-21 0.443 1.393 21.27 ± 2.127 24.6 59.77 15.63 
21-22 0.392 1.519 22.789 ± 2.279 65.31 29.44 5.25 
22-23 0.396 1.509 24.298 ± 2.43 58.81 36.65 4.54 
23-24 0.410 1.474 25.772 ± 2.577 59.06 30.06 10.88 
24-25 0.405 1.488 27.26 ± 2.726 64.44 25.21 10.35 
25-26 0.406 1.484 28.744 ± 2.874 49.55 45.66 4.79 
26-27 0.418 1.454 30.199 ± 3.02 57.63 37.64 4.73 
27-28 0.410 1.476 31.675 ± 3.167 53.7 38.56 7.74 
28-29 0.406 1.486 33.161 ± 3.316 85.52 13.79 0.69 
29-30 0.408 1.481 34.642 ± 3.464 69.39 25.83 4.78 
30-31 0.451 1.373 36.015 ± 3.601 56.18 32.25 11.57 
31-32 0.457 1.357 37.372 ± 3.737 33.6 53.57 12.83 
32-33 0.430 1.425 38.796 ± 3.88 55.27 32.66 12.07 
33-34 0.458 1.356 40.152 ± 4.015 22.6 29.44 47.96 
34-35 0.540 1.151 41.303 ± 4.13 48.98 41.14 9.88 
35-36 0.468 1.329 42.633 ± 4.263 51.51 35.41 13.08 
36-37 0.423 1.443 44.076 ± 4.408 50.94 43.46 5.6 
37-38 0.422 1.445 45.522 ± 4.552 55.65 35.47 8.88 
38-39 0.427 1.432 46.954 ± 4.695 61.1 35.7 3.2 
39-40 0.421 1.447 48.401 ± 4.84 62.83 31.42 5.75 
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40-41 0.413 1.467 49.868 ± 4.987 60.27 30.79 8.94 
41-42 0.406 1.486 51.354 ± 5.135 65.54 31.5 2.96 
42-43 0.396 1.510 52.864 ± 5.286 63.83 29.11 7.06 
43-44 0.398 1.504 54.368 ± 5.437 64.3 30.76 4.94 
44-45 0.397 1.508 55.876 ± 5.588 70.33 24.65 5.02 
45-46 0.381 1.546 57.422 ± 5.742 61.63 31.79 6.58 
46-47 0.385 1.538 58.96 ± 5.896 56.18 38.67 5.15 
47-48 0.385 1.538 60.498 ± 6.05 64.04 30.64 5.32 
48-49 0.386 1.534 62.033 ± 6.203 72.63 22.18 5.19 
49-50 0.378 1.554 63.587 ± 6.359 56.71 35.98 7.31 
50-52 0.385 1.538 66.664 ± 6.666 56.66 38.85 4.49 
52-54 0.394 1.516 69.696 ± 6.97 62.48 31.07 6.45 
54-56 0.407 1.482 72.66 ± 7.266 53.79 38.48 7.73 
56-58 0.410 1.474 75.609 ± 7.561 47.62 43.72 8.66 
58-60 0.401 1.497 78.602 ± 7.86 62.71 34.82 2.47 
60-62 0.405 1.487 81.576 ± 8.158 67.02 30.65 2.33 
62-64 0.405 1.486 84.548 ± 8.455 67.45 29.51 3.04 
64-66 0.424 1.440 87.429 ± 8.743 53.97 40.48 5.55 
66-68 0.408 1.480 90.388 ± 9.039 60.47 31.88 7.65 
68-70 0.397 1.507 93.402 ± 9.34 55.35 38.03 6.62 
70-72 0.395 1.511 96.425 ± 9.642 67.15 29.87 2.98 
72-74 0.391 1.524 99.472 ± 9.947 67.35 28.22 4.43 
74-76 0.369 1.577 102.626 ± 10.26 53.05 41.16 5.79 
76-78 0.373 1.567 105.76 ± 10.576 72.01 25.1 2.89 
78-80 0.374 1.565 108.891 ± 10.88 78.08 19.85 2.07 
80-82 0.359 1.602 112.094 ± 11.20 71.07 25.68 3.25 
82-84 0.371 1.573 115.241 ± 11.52 81.33 17.06 1.61 
84-86 0.371 1.573 118.386 ± 11.83 79.97 18.56 1.47 
86-88 0.364 1.590 121.566 ± 12.15 89.97 9.18 0.85 
88-90 0.356 1.610 124.786 ± 12.47 75.58 22.1 2.32 
90-92 0.348 1.631 128.047 ± 12.80 71.33 25.76 2.91 
92-94 0.352 1.620 131.287 ± 13.12 68.76 27.69 3.55 
94-96 0.351 1.621 134.53 ± 13.453 74.62 23.19 2.19 
96-98 0.340 1.650 137.83 ± 13.783 60.47 34.73 4.8 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.886 0.286 0.286 ± 0.029 21.21 60.69 18.1 
1-2 0.852 0.370 0.655 ± 0.066 23.84 41.81 34.35 
2-3 0.856 0.360 1.016 ± 0.102 6.53 47.3 46.17 
3-4 0.831 0.422 1.438 ± 0.144 10.1 44.39 45.51 
4-5 0.868 0.330 1.768 ± 0.177 16.52 73.31 10.17 
5-6 0.861 0.346 2.114 ± 0.211 6.99 74.41 18.6 
6-7 0.840 0.400 2.514 ± 0.251 12.03 74.03 13.94 
7-8 0.821 0.448 2.962 ± 0.296 11.99 53.31 34.7 
8-9 0.804 0.489 3.451 ± 0.345 14.16 46 39.84 
9-10 0.763 0.594 4.045 ± 0.404 36.71 53.58 9.71 
10-11 0.593 1.017 5.062 ± 0.506 66.81 28.22 4.97 
11-12 0.521 1.198 6.26 ± 0.626 65.48 31.83 2.69 
12-13 0.510 1.224 7.484 ± 0.748 56.91 38.6 4.49 
13-14 0.479 1.303 8.787 ± 0.879 59.96 36.86 3.18 
14-15 0.470 1.324 10.111 ± 1.011 64 32.37 3.63 
15-16 0.488 1.281 11.392 ± 1.139 69.75 27.99 2.26 
16-17 0.471 1.321 12.713 ± 1.271 65.69 31.74 2.57 
17-18 0.457 1.358 14.071 ± 1.407 67.23 30.01 2.76 
18-19 0.446 1.385 15.456 ± 1.546 55.6 40.58 3.82 
19-20 0.443 1.392 16.848 ± 1.685 62.83 34.6 2.57 
20-21 0.432 1.421 18.269 ± 1.827 66.26 30.89 2.85 
21-22 0.465 1.339 19.608 ± 1.961 58.9 36.76 4.34 
22-23 0.457 1.357 20.964 ± 2.096 65.6 30.24 4.16 
23-24 0.437 1.407 22.371 ± 2.237 52.67 42.17 5.16 
24-25 0.440 1.399 23.77 ± 2.377 79.95 18.79 1.26 
25-26 0.447 1.383 25.153 ± 2.515 81.62 17.36 1.02 
26-27 0.449 1.377 26.53 ± 2.653 68.32 29.56 2.12 
27-28 0.445 1.387 27.917 ± 2.792 71.32 26.64 2.04 
28-29 0.469 1.327 29.244 ± 2.924 62.08 35.73 2.19 
29-30 0.474 1.316 30.56 ± 3.056 48.07 46.9 5.03 
30-31 0.457 1.357 31.917 ± 3.192 58.11 38.3 3.59 
31-32 0.452 1.369 33.287 ± 3.329 60.3 33.86 5.84 
32-33 0.454 1.364 34.651 ± 3.465 59.25 34.52 6.23 
33-34 0.463 1.342 35.992 ± 3.599 52.94 39.27 7.79 
34-35 0.457 1.357 37.349 ± 3.735 47.71 46.88 5.41 
35-36 0.456 1.360 38.709 ± 3.871 47.23 37.96 14.81 
36-37 0.450 1.374 40.084 ± 4.008 61.48 34.59 3.93 
37-38 0.449 1.378 41.461 ± 4.146 33.88 57.54 8.58 
38-39 0.455 1.363 42.824 ± 4.282 51.91 42.98 5.11 
39-40 0.440 1.401 44.225 ± 4.423 66.53 29.04 4.43 
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40-41 0.436 1.410 45.635 ± 4.564 66.85 29.28 3.87 
41-42 0.450 1.375 47.011 ± 4.701 58.52 32.88 8.6 
42-43 0.452 1.369 48.38 ± 4.838 59.79 36.39 3.82 
43-44 0.445 1.388 49.768 ± 4.977 56.35 40.86 2.79 
44-45 0.435 1.413 51.181 ± 5.118 53.8 42.03 4.17 
45-46 0.448 1.381 52.562 ± 5.256 60.18 35.81 4.01 
46-47 0.441 1.398 53.959 ± 5.396 59.27 36.97 3.76 
47-48 0.424 1.440 55.399 ± 5.54 49.35 44.4 6.25 
48-49 0.437 1.409 56.808 ± 5.681 51.31 44.34 4.35 
49-50 0.441 1.398 58.206 ± 5.821 49.95 39.69 10.36 
50-52 0.446 1.384 60.974 ± 6.097 47.98 42.63 9.39 
52-54 0.438 1.404 63.782 ± 6.378 51.1 42.64 6.26 
54-56 0.422 1.446 66.674 ± 6.667 58.04 35.03 6.93 
56-58 0.411 1.473 69.62 ± 6.962 74.55 24.36 1.09 
58-60 0.423 1.441 72.503 ± 7.25 45.24 50.02 4.74 
60-62 0.415 1.464 75.43 ± 7.543 74.77 24.41 0.82 
62-64 0.409 1.477 78.384 ± 7.838 63.5 33.04 3.46 
64-66 0.414 1.466 81.316 ± 8.132 51.69 44.28 4.03 
66-68 0.413 1.468 84.253 ± 8.425 50.49 43.77 5.74 
68-70 0.406 1.486 87.224 ± 8.722 44.23 46.79 8.98 
70-72 0.400 1.500 90.224 ± 9.022 53.03 40.67 6.3 
72-74 0.399 1.502 93.227 ± 9.323 35.93 56.27 7.8 
74-76 0.407 1.483 96.194 ± 9.619 34.64 57.22 8.14 
76-78 0.385 1.538 99.269 ± 9.927 56.94 38.86 4.2 
78-80 0.377 1.558 102.385 ± 10.23 64.49 31.54 3.97 
80-82 0.362 1.595 105.576 ± 10.55 72.01 24.97 3.02 
82-84 0.382 1.544 108.665 ± 10.86 79.68 17.93 2.39 
84-86 0.385 1.537 111.738 ± 11.17 65.49 29.56 4.95 
86-88 0.352 1.620 114.979 ± 11.49 75.95 20.5 3.55 
88-90 0.341 1.647 118.272 ± 11.82 73.38 22.7 3.92 
90-92 0.349 1.629 121.53 ± 12.153 71.02 24.81 4.17 
92-94 0.348 1.630 124.79 ± 12.479 70.12 26.85 3.03 
94-96 0.345 1.637 128.064 ± 12.80 73.08 23.89 3.03 
96-98 0.347 1.632 131.328 ± 13.13 71.84 26.76 1.4 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.805 0.487 0.487 ± 0.049 21.5 69.83 8.67 
1-2 0.808 0.479 0.967 ± 0.097 17.95 73.07 8.98 
2-3 0.795 0.513 1.48 ± 0.148 13.47 35.64 50.89 
3-4 0.772 0.571 2.051 ± 0.205 41.56 47.71 10.73 
4-5 0.780 0.551 2.602 ± 0.26 33.14 32.63 34.23 
5-6 0.809 0.478 3.08 ± 0.308 19.43 61.73 18.84 
6-7 0.830 0.426 3.506 ± 0.351 4.58 37.77 57.65 
7-8 0.821 0.449 3.954 ± 0.395 20.29 57.23 22.48 
8-9 0.800 0.500 4.454 ± 0.445 10.07 71.07 18.86 
9-10 0.757 0.608 5.062 ± 0.506 15.9 41.26 42.84 
10-11 0.725 0.687 5.749 ± 0.575 32.13 56.86 11.01 
11-12 0.612 0.971 6.719 ± 0.672 55.82 40.11 4.07 
12-13 0.468 1.330 8.05 ± 0.805 56.42 38.52 5.06 
13-14 0.441 1.397 9.446 ± 0.945 52.04 41.04 6.92 
14-15 0.429 1.428 10.874 ± 1.087 53.97 41.08 4.95 
15-16 0.429 1.428 12.302 ± 1.23 66.26 30.88 2.86 
16-17 0.417 1.457 13.759 ± 1.376 61.29 32.53 6.18 
17-18 0.421 1.448 15.207 ± 1.521 53.44 40.37 6.19 
18-19 0.420 1.449 16.656 ± 1.666 62.93 32.17 4.9 
19-20 0.446 1.385 18.041 ± 1.804 61.7 33.93 4.37 
20-21 0.433 1.417 19.458 ± 1.946 66.2 28.45 5.35 
21-22 0.395 1.513 20.972 ± 2.097 76.88 20.08 3.04 
22-23 0.393 1.519 22.49 ± 2.249 72.84 22.76 4.4 
23-24 0.398 1.506 23.996 ± 2.4 70.98 25.66 3.36 
24-25 0.394 1.514 25.511 ± 2.551 62.44 32.43 5.13 
25-26 0.407 1.483 26.994 ± 2.699 65.69 31.3 3.01 
26-27 0.523 1.191 28.185 ± 2.819 60.92 36.01 3.07 
27-28 0.416 1.461 29.646 ± 2.965 63.9 31.79 4.31 
28-29 0.440 1.400 31.046 ± 3.105 50.35 39.8 9.85 
29-30 0.430 1.425 32.471 ± 3.247 56.26 36.26 7.48 
30-31 0.431 1.422 33.893 ± 3.389 60.58 35.46 3.96 
31-32 0.439 1.402 35.295 ± 3.529 44.52 41.73 13.75 
32-33 0.443 1.393 36.687 ± 3.669 42.96 50.67 6.37 
33-34 0.471 1.323 38.01 ± 3.801 53.95 39.98 6.07 
34-35 0.498 1.255 39.266 ± 3.927 36.75 54.39 8.86 
35-36 0.470 1.325 40.591 ± 4.059 68.25 28.01 3.74 
36-37 0.465 1.338 41.928 ± 4.193 58.06 37.49 4.45 
37-38 0.452 1.371 43.299 ± 4.33 58.03 38.57 3.4 
38-39 0.452 1.371 44.67 ± 4.467 66.57 31.32 2.11 
39-40 0.470 1.326 45.996 ± 4.6 50.73 40.65 8.62 
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40-41 0.453 1.368 47.364 ± 4.736 37.39 52.28 10.33 
41-42 0.424 1.440 48.804 ± 4.88 68.25 28.18 3.57 
42-43 0.398 1.505 50.308 ± 5.031 55.98 39.12 4.9 
43-44 0.404 1.491 51.799 ± 5.18 51.07 44.07 4.86 
44-45 0.418 1.456 53.255 ± 5.326 25.32 59.18 15.5 
45-46 0.438 1.405 54.66 ± 5.466 44.34 46.11 9.55 
46-47 0.431 1.422 56.082 ± 5.608 37.68 54.96 7.36 
47-48 0.405 1.488 57.569 ± 5.757 48.4 44.84 6.76 
48-49 0.394 1.515 59.084 ± 5.908 66.76 30.37 2.87 
49-50 0.387 1.532 60.616 ± 6.062 71.03 26.95 2.02 
50-52 0.391 1.522 63.661 ± 6.366 56.12 39.55 4.33 
52-54 0.396 1.509 66.679 ± 6.668 54.56 42.33 3.11 
54-56 0.396 1.510 69.699 ± 6.97 50.58 43.49 5.93 
56-58 0.392 1.520 72.738 ± 7.274 57.88 37.47 4.65 
58-60 0.390 1.526 75.79 ± 7.579 74.43 23.59 1.98 
60-62 0.378 1.556 78.903 ± 7.89 59.78 36.87 3.35 
62-64 0.376 1.561 82.024 ± 8.202 62.99 32.86 4.15 
64-66 0.371 1.574 85.171 ± 8.517 49.27 41.89 8.84 
66-68 0.353 1.617 88.404 ± 8.84 50.29 43.07 6.64 
68-70 0.367 1.584 91.572 ± 9.157 58.7 37.51 3.79 
70-72 0.366 1.585 94.741 ± 9.474 45.73 48.09 6.18 
72-74 0.372 1.570 97.882 ± 9.788 69.68 27.29 3.03 
74-76 0.363 1.594 101.069 ± 10.10 67.42 27.8 4.78 
76-78 0.355 1.614 104.296 ± 10.43 51.12 44.1 4.78 
78-80 0.348 1.631 107.558 ± 10.75 56.76 37.21 6.03 
80-82 0.319 1.703 110.964 ± 11.09 82.3 16.82 0.88 
82-84 0.297 1.758 114.479 ± 11.44 85.85 13.32 0.83 
84-86 0.298 1.756 117.991 ± 11.79 74.4 21.43 4.17 
86-88 0.299 1.752 121.494 ± 12.14 71.17 25.81 3.02 
88-90 0.285 1.787 125.067 ± 12.50 63.96 27.78 8.26 
90-92 0.314 1.714 128.495 ± 12.85 85.77 13.41 0.82 
92-94 0.319 1.702 131.899 ± 13.19 77.73 21.09 1.18 
94-96 0.319 1.703 135.305 ± 13.53 74.84 23.14 2.02 
96-98 0.332 1.669 138.643 ± 13.86 67.72 30.29 1.99 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.807 0.483 0.483 ± 0.048 27.16 63.46 9.38 
1-2 0.773 0.568 1.051 ± 0.105 22.17 68.29 9.54 
2-3 0.756 0.611 1.662 ± 0.166 24.85 26.63 48.52 
3-4 0.749 0.627 2.288 ± 0.229 33.19 33.86 32.95 
4-5 0.756 0.609 2.897 ± 0.29 46.13 44.68 9.19 
5-6 0.734 0.665 3.563 ± 0.356 11.12 32.04 56.84 
6-7 0.690 0.776 4.338 ± 0.434 28.28 62.97 8.75 
7-8 0.690 0.774 5.113 ± 0.511 36.7 54.02 9.28 
8-9 0.643 0.891 6.004 ± 0.6 32.92 55.62 11.46 
9-10 0.629 0.927 6.931 ± 0.693 38.64 54.68 6.68 
10-11 0.603 0.992 7.923 ± 0.792 37.96 47.42 14.62 
11-12 0.581 1.048 8.972 ± 0.897 44.14 44.48 11.38 
12-13 0.547 1.132 10.104 ± 1.01 51.07 41.15 7.78 
13-14 0.518 1.205 11.309 ± 1.131 36.34 55.69 7.97 
14-15 0.508 1.230 12.539 ± 1.254 40.76 50.99 8.25 
15-16 0.501 1.247 13.786 ± 1.379 45.42 44.51 10.07 
16-17 0.503 1.242 15.028 ± 1.503 43.57 43.87 12.56 
17-18 0.486 1.284 16.312 ± 1.631 51.51 42.72 5.77 
18-19 0.498 1.255 17.566 ± 1.757 64.58 31.25 4.17 
19-20 0.496 1.259 18.826 ± 1.883 45.63 42.59 11.78 
20-21 0.426 1.434 20.26 ± 2.026 57.83 36.43 5.74 
21-22 0.415 1.462 21.722 ± 2.172 56.53 37.79 5.68 
22-23 0.428 1.431 23.153 ± 2.315 64.99 30.79 4.22 
23-24 0.457 1.357 24.511 ± 2.451 59.55 35.64 4.81 
24-25 0.462 1.346 25.856 ± 2.586 40.91 49.29 9.8 
25-26 0.470 1.324 27.181 ± 2.718 56.52 40.22 3.26 
26-27 0.465 1.337 28.518 ± 2.852 49.95 42.56 7.49 
27-28 0.449 1.379 29.897 ± 2.99 56.31 33.86 9.83 
28-29 0.442 1.394 31.291 ± 3.129 64.68 31.77 3.55 
29-30 0.445 1.387 32.678 ± 3.268 54.06 40.55 5.39 
30-31 0.452 1.369 34.047 ± 3.405 56.32 32.63 11.05 
31-32 0.449 1.377 35.424 ± 3.542 63.64 27.53 8.83 
32-33 0.446 1.386 36.81 ± 3.681 68.34 24.93 6.73 
33-34 0.442 1.395 38.206 ± 3.821 70.2 22.02 7.78 
34-35 0.439 1.402 39.608 ± 3.961 60.75 33.43 5.82 
35-36 0.435 1.411 41.019 ± 4.102 63.17 30.14 6.69 
36-37 0.486 1.285 42.304 ± 4.23 52.97 39.17 7.86 
37-38 0.446 1.384 43.688 ± 4.369 60.35 31.67 7.98 
38-39 0.416 1.459 45.148 ± 4.515 64.04 28.37 7.59 
39-40 0.413 1.468 46.616 ± 4.662 55.93 36.33 7.74 
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40-41 0.415 1.461 48.077 ± 4.808 66.26 31.59 2.15 
41-42 0.414 1.465 49.543 ± 4.954 73.34 25.28 1.38 
42-43 0.412 1.469 51.012 ± 5.101 46.66 46.33 7.01 
43-44 0.434 1.415 52.427 ± 5.243 65.22 32.61 2.17 
44-45 0.423 1.442 53.869 ± 5.387 63.21 32.58 4.21 
45-46 0.410 1.476 55.344 ± 5.534 59.44 37.1 3.46 
46-47 0.401 1.497 56.842 ± 5.684 53.43 43.24 3.33 
47-48 0.384 1.540 58.381 ± 5.838 57.06 38.9 4.04 
48-49 0.377 1.558 59.939 ± 5.994 70.3 27.92 1.78 
49-50 0.358 1.605 61.544 ± 6.154 72.77 25.38 1.85 
50-52 0.373 1.568 64.68 ± 6.468 43.89 50.51 5.6 
52-54 0.364 1.589 67.859 ± 6.786 46.18 48.11 5.71 
54-56 0.366 1.585 71.028 ± 7.103 75.46 22.77 1.77 
56-58 0.365 1.587 74.201 ± 7.42 77.67 20.82 1.51 
58-60 0.369 1.578 77.357 ± 7.736 85.89 13.09 1.02 
60-62 0.339 1.652 80.661 ± 8.066 67 29.19 3.81 
62-64 0.353 1.617 83.895 ± 8.389 41.68 51.41 6.91 
64-66 0.343 1.642 87.178 ± 8.718 55.8 39.79 4.41 
66-68 0.340 1.650 90.479 ± 9.048 81.11 17.14 1.75 
68-70 0.340 1.650 93.779 ± 9.378 85.49 14.03 0.48 
70-72 0.333 1.667 97.113 ± 9.711 71.21 26.98 1.81 
72-74 0.331 1.674 100.46 ± 10.046 71.86 26.33 1.81 
74-76 0.329 1.677 103.815 ± 10.38 89.23 10.24 0.53 
76-78 0.343 1.643 107.1 ± 10.71 21.98 24.18 53.84 
78-80 0.355 1.613 110.326 ± 11.03 65.06 30.5 4.44 
80-82 0.331 1.673 113.671 ± 11.36 83.18 16.01 0.81 
82-84 0.332 1.671 117.013 ± 11.70 74.76 23.91 1.33 
84-86 0.351 1.622 120.257 ± 12.02 74.51 24.06 1.43 
86-88 0.338 1.655 123.567 ± 12.35 73.61 24.84 1.55 
88-90 0.343 1.644 126.854 ± 12.68 68.31 29.38 2.31 
90-92 0.340 1.649 130.152 ± 13.01 69.28 25.99 4.73 
92-94 0.350 1.625 133.402 ± 13.34 80.38 18.4 1.22 
94-96 0.359 1.602 136.606 ± 13.66 58.77 32.18 9.05 
96-98 0.497 1.258 139.122 ± 13.91 27.67 34.44 37.89 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.834 0.416 0.416 ± 0.042 21.06 67.59 11.35 
1-2 0.827 0.432 0.848 ± 0.085 31.6 55.43 12.97 
2-3 0.812 0.470 1.318 ± 0.132 25.56 62.63 11.81 
3-4 0.809 0.478 1.796 ± 0.18 32.86 58.88 8.26 
4-5 0.810 0.474 2.271 ± 0.227 33.14 52.13 14.73 
5-6 0.795 0.512 2.782 ± 0.278 30.05 60.52 9.43 
6-7 0.797 0.508 3.29 ± 0.329 22.77 65.09 12.14 
7-8 0.788 0.531 3.821 ± 0.382 29.77 57.95 12.28 
8-9 0.769 0.576 4.398 ± 0.44 32.37 56.09 11.54 
9-10 0.692 0.769 5.167 ± 0.517 49.25 39.88 10.87 
10-11 0.661 0.847 6.014 ± 0.601 51.67 42.44 5.89 
11-12 0.588 1.030 7.044 ± 0.704 65.16 30.34 4.5 
12-13 0.515 1.213 8.258 ± 0.826 77.87 20.18 1.95 
13-14 0.519 1.203 9.461 ± 0.946 71.33 25.66 3.01 
14-15 0.501 1.247 10.707 ± 1.071 59.9 36.29 3.81 
15-16 0.497 1.258 11.965 ± 1.197 46.4 35.91 17.69 
16-17 0.506 1.234 13.199 ± 1.32 54.24 40.06 5.7 
17-18 0.468 1.331 14.53 ± 1.453 69.17 27.38 3.45 
18-19 0.439 1.403 15.933 ± 1.593 59.9 35.07 5.03 
19-20 0.419 1.451 17.384 ± 1.738 74.49 22.6 2.91 
20-21 0.422 1.445 18.829 ± 1.883 77.12 20.87 2.01 
21-22 0.411 1.471 20.301 ± 2.03 80.59 17.81 1.6 
22-23 0.401 1.496 21.797 ± 2.18 75.29 22.22 2.49 
23-24 0.420 1.451 23.248 ± 2.325 80.44 18 1.56 
24-25 0.455 1.363 24.611 ± 2.461 58 37.31 4.69 
25-26 0.464 1.339 25.95 ± 2.595 68.88 26.89 4.23 
26-27 0.436 1.409 27.359 ± 2.736 70.15 27.47 2.38 
27-28 0.424 1.440 28.799 ± 2.88 77.82 19.44 2.74 
28-29 0.402 1.495 30.294 ± 3.029 77.91 18.93 3.16 
29-30 0.392 1.519 31.813 ± 3.181 70.57 26.4 3.03 
30-31 0.384 1.541 33.353 ± 3.335 87.92 10.18 1.9 
31-32 0.379 1.552 34.905 ± 3.491 84.2 13.5 2.3 
32-33 0.380 1.551 36.457 ± 3.646 68.77 27.08 4.15 
33-34 0.394 1.516 37.972 ± 3.797 67.15 28.8 4.05 
34-35 0.394 1.516 39.488 ± 3.949 63.81 33.26 2.93 
35-36 0.386 1.535 41.024 ± 4.102 73.06 24.47 2.47 
36-37 0.410 1.474 42.498 ± 4.25 71.56 25.5 2.94 
37-38 0.446 1.385 43.883 ± 4.388 66.58 26.6 6.82 
38-39 0.389 1.527 45.41 ± 4.541 72.14 23.33 4.53 
39-40 0.385 1.538 46.947 ± 4.695 80.85 17.25 1.9 
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40-41 0.412 1.470 48.418 ± 4.842 50.45 36.87 12.68 
41-42 0.423 1.443 49.861 ± 4.986 54.96 32.76 12.28 
42-43 0.456 1.360 51.221 ± 5.122 51.99 42.89 5.12 
43-44 0.431 1.421 52.642 ± 5.264 61.64 34.29 4.07 
44-45 0.394 1.515 54.157 ± 5.416 67.82 26.7 5.48 
45-46 0.385 1.537 55.694 ± 5.569 76.92 19.79 3.29 
46-47 0.387 1.533 57.227 ± 5.723 48.61 43.54 7.85 
47-48 0.404 1.490 58.717 ± 5.872 51.17 43.57 5.26 
48-49 0.365 1.587 60.304 ± 6.03 75.77 19.72 4.51 
49-50 0.395 1.512 61.816 ± 6.182 67.2 28.66 4.14 
50-52 0.397 1.509 64.833 ± 6.483 64.18 28.71 7.11 
52-54 0.391 1.523 67.879 ± 6.788 72.01 24.34 3.65 
54-56 0.390 1.526 70.93 ± 7.093 78.48 18.72 2.8 
56-58 0.389 1.527 73.984 ± 7.398 59.51 35.01 5.48 
58-60 0.392 1.521 77.026 ± 7.703 77.35 18.16 4.49 
60-62 0.386 1.534 80.094 ± 8.009 65.2 29.72 5.08 
62-64 0.378 1.554 83.202 ± 8.32 77.21 17.87 4.92 
64-66 0.364 1.589 86.38 ± 8.638 82.54 14.26 3.2 
66-68 0.357 1.607 89.594 ± 8.959 88.4 9.06 2.54 
68-70 0.352 1.619 92.831 ± 9.283 84.96 12.65 2.39 
70-72 0.355 1.612 96.054 ± 9.605 87.26 10.66 2.08 
72-74 0.446 1.385 98.823 ± 9.882 86.21 11.36 2.43 
74-76 0.419 1.451 101.726 ± 10.17 63.9 14.63 21.47 
76-78 0.360 1.600 104.927 ± 10.49 85.03 12.29 2.68 
78-80 0.335 1.662 108.252 ± 10.82 88.91 9.26 1.83 
80-82 0.333 1.666 111.585 ± 11.15 91.72 6.64 1.64 
82-84 0.331 1.671 114.927 ± 11.49 89.64 8.06 2.3 
84-86 0.335 1.663 118.254 ± 11.82 89.13 8.8 2.07 
86-88 0.331 1.672 121.598 ± 12.16 85.86 11.78 2.36 
88-90 0.333 1.668 124.935 ± 12.49 89.98 8.18 1.84 
90-92 0.331 1.672 128.278 ± 12.82 87.28 10.41 2.31 
92-94 0.334 1.664 131.606 ± 13.16 83.08 14.38 2.54 
94-96 0.334 1.664 134.934 ± 13.49 90.86 7.51 1.63 
96-98 0.336 1.661 138.256 ± 13.82 87.64 10.32 2.04 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.645 0.886 0.886 ± 0.089 71.5 26.11 2.39 
1-2 0.582 1.046 1.932 ± 0.193 66.19 29.93 3.88 
2-3 0.590 1.026 2.958 ± 0.296 58.94 37.13 3.93 
3-4 0.607 0.983 3.941 ± 0.394 69.8 27.02 3.18 
4-5 0.600 1.000 4.941 ± 0.494 60.94 34.28 4.78 
5-6 0.616 0.959 5.9 ± 0.59 49.47 46.22 4.31 
6-7 0.722 0.694 6.594 ± 0.659 29.97 33.79 36.24 
7-8 0.764 0.590 7.184 ± 0.718 21.55 30.6 47.85 
8-9 0.693 0.766 7.95 ± 0.795 32.75 56.87 10.38 
9-10 0.508 1.230 9.18 ± 0.918 68.87 28.37 2.76 
10-11 0.458 1.355 10.536 ± 1.054 58.65 37.57 3.78 
11-12 0.430 1.426 11.962 ± 1.196 65.45 31.07 3.48 
12-13 0.457 1.358 13.32 ± 1.332 61.08 34.86 4.06 
13-14 0.529 1.177 14.497 ± 1.45 51.05 38.94 10.01 
14-15 0.523 1.193 15.69 ± 1.569 59.33 34.13 6.54 
15-16 0.479 1.303 16.994 ± 1.699 71.06 26.42 2.52 
16-17 0.431 1.423 18.416 ± 1.842 65.28 29.86 4.86 
17-18 0.404 1.490 19.906 ± 1.991 58.98 35.52 5.5 
18-19 0.403 1.493 21.399 ± 2.14 71.84 25.01 3.15 
19-20 0.404 1.490 22.889 ± 2.289 76.63 21.14 2.23 
20-21 0.408 1.479 24.367 ± 2.437 40.98 49.55 9.47 
21-22 0.433 1.417 25.784 ± 2.578 41.41 52.34 6.25 
22-23 0.407 1.482 27.266 ± 2.727 75.32 22.76 1.92 
23-24 0.381 1.547 28.813 ± 2.881 75.34 21.49 3.17 
24-25 0.375 1.562 30.374 ± 3.037 83.09 15.3 1.61 
25-26 0.380 1.550 31.924 ± 3.192 72.96 24.58 2.46 
26-27 0.373 1.568 33.492 ± 3.349 80.13 17.77 2.1 
27-28 0.355 1.613 35.104 ± 3.51 71.87 25.8 2.33 
28-29 0.345 1.637 36.742 ± 3.674 77.46 20.16 2.38 
29-30 0.355 1.612 38.353 ± 3.835 82.05 16.66 1.29 
30-31 0.376 1.560 39.914 ± 3.991 84.14 14.25 1.61 
31-32 0.356 1.611 41.524 ± 4.152 87.22 11.58 1.2 
32-33 0.374 1.566 43.09 ± 4.309 89.86 8.78 1.36 
33-34 0.369 1.577 44.667 ± 4.467 80.41 16.64 2.95 
34-35 0.352 1.620 46.287 ± 4.629 84.53 12.99 2.48 
35-36 0.342 1.645 47.932 ± 4.793 86.29 12.19 1.52 
36-37 0.336 1.660 49.592 ± 4.959 86.47 12.28 1.25 
37-38 0.327 1.682 51.274 ± 5.127 88.39 10.19 1.42 
38-39 0.321 1.696 52.97 ± 5.297 83.23 14.92 1.85 
39-40 0.311 1.722 54.693 ± 5.469 90.04 8.64 1.32 
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40-41 0.319 1.703 56.395 ± 5.64 78.25 19.13 2.62 
41-42 0.329 1.677 58.072 ± 5.807 78.66 17.95 3.39 
42-43 0.335 1.661 59.733 ± 5.973 67.93 28.37 3.7 
43-44 0.322 1.695 61.429 ± 6.143 88.7 10.11 1.19 
44-45 0.314 1.714 63.143 ± 6.314 84.53 13.9 1.57 
45-46 0.305 1.738 64.881 ± 6.488 92.24 6.91 0.85 
46-47 0.297 1.756 66.637 ± 6.664 91.16 7.96 0.88 
47-48 0.294 1.765 68.402 ± 6.84 91.21 7.96 0.83 
48-49 0.300 1.749 70.151 ± 7.015 87.51 11.21 1.28 
49-50 0.322 1.696 71.847 ± 7.185 84.93 13.97 1.1 
50-52 0.315 1.714 75.274 ± 7.527 84.68 13.17 2.15 
52-54 0.323 1.691 78.657 ± 7.866 78.92 17.36 3.72 
54-56 0.323 1.693 82.042 ± 8.204 89.03 9.52 1.45 
56-58 0.325 1.686 85.415 ± 8.542 86.01 12.35 1.64 
58-60 0.317 1.708 88.832 ± 8.883 86.96 11.18 1.86 
60-62 0.323 1.692 92.215 ± 9.222 87.27 11.3 1.43 
62-64 0.317 1.708 95.631 ± 9.563 87.79 10.75 1.46 
64-66 0.311 1.724 99.078 ± 9.908 90.1 8.75 1.15 
66-68 0.304 1.739 102.556 ± 10.25 89.72 9.25 1.03 
68-70 0.296 1.759 106.075 ± 10.60 91.06 7.84 1.1 
70-72 0.296 1.759 109.594 ± 10.95 78.75 19.53 1.72 
72-74 0.297 1.758 113.109 ± 11.31 74.16 23.71 2.13 
74-76 0.304 1.739 116.587 ± 11.65 76.31 22.61 1.08 
76-78 0.303 1.742 120.072 ± 12.00 84.32 14.14 1.54 
78-80 0.299 1.751 123.574 ± 12.35 73.36 22.55 4.09 
80-82 0.302 1.746 127.066 ± 12.70 78.05 19.58 2.37 
82-84 0.304 1.739 130.544 ± 13.05 73.19 23.02 3.79 
84-86 0.302 1.744 134.033 ± 13.40 80.03 18.28 1.69 
86-88 0.304 1.741 137.515 ± 13.75 86.61 11.07 2.32 
88-90 0.305 1.737 140.989 ± 14.09 74.08 23.14 2.78 
90-92 0.306 1.734 144.456 ± 14.44 82.2 16.25 1.55 
92-94 0.308 1.729 147.914 ± 14.79 81.45 16.86 1.69 
94-96 0.318 1.706 151.326 ± 15.13 87.27 11.81 0.92 
96-98 0.321 1.697 154.72 ± 15.472 80.18 17.7 2.12 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.569 1.076 1.076 ± 0.108 78.19 19.89 1.92 
1-2 0.566 1.086 2.162 ± 0.216 82.18 14.97 2.85 
2-3 0.607 0.983 3.145 ± 0.315 63.95 32.54 3.51 
3-4 0.592 1.019 4.165 ± 0.416 66.68 29.46 3.86 
4-5 0.535 1.162 5.326 ± 0.533 65.31 30.41 4.28 
5-6 0.505 1.237 6.564 ± 0.656 58.93 36.32 4.75 
6-7 0.468 1.331 7.895 ± 0.789 45.89 50.74 3.37 
7-8 0.454 1.365 9.26 ± 0.926 56.1 39.53 4.37 
8-9 0.476 1.310 10.569 ± 1.057 61.01 33.06 5.93 
9-10 0.487 1.283 11.853 ± 1.185 64.72 32.07 3.21 
10-11 0.437 1.408 13.26 ± 1.326 61.3 21.12 17.58 
11-12 0.408 1.480 14.741 ± 1.474 63.6 31.23 5.17 
12-13 0.421 1.449 16.189 ± 1.619 68.41 26.5 5.09 
13-14 0.378 1.554 17.744 ± 1.774 60.09 34.67 5.24 
14-15 0.372 1.571 19.315 ± 1.931 58.5 38.66 2.84 
15-16 0.340 1.649 20.964 ± 2.096 77.64 19.91 2.45 
16-17 0.340 1.649 22.613 ± 2.261 75.47 17.76 6.77 
17-18 0.343 1.643 24.256 ± 2.426 76.49 18.9 4.61 
18-19 0.341 1.648 25.904 ± 2.59 77.57 20.09 2.34 
19-20 0.291 1.774 27.678 ± 2.768 82.55 15.61 1.84 
20-21 0.286 1.785 29.463 ± 2.946 80.13 18.47 1.4 
21-22 0.286 1.786 31.249 ± 3.125 77.71 20.59 1.7 
22-23 0.284 1.791 33.039 ± 3.304 82.91 15.58 1.51 
23-24 0.284 1.789 34.829 ± 3.483 82.85 15.75 1.4 
24-25 0.284 1.791 36.619 ± 3.662 83.37 15.11 1.52 
25-26 0.283 1.791 38.411 ± 3.841 81.99 16.59 1.42 
26-27 0.283 1.792 40.203 ± 4.02 80.76 17.88 1.36 
27-28 0.288 1.779 41.982 ± 4.198 78.94 19.03 2.03 
28-29 0.288 1.779 43.761 ± 4.376 83.06 15.68 1.26 
29-30 0.286 1.785 45.546 ± 4.555 83.38 15.18 1.44 
30-31 0.290 1.776 47.322 ± 4.732 78.69 18.97 2.34 
31-32 0.291 1.774 49.096 ± 4.91 84.91 13.72 1.37 
32-33 0.291 1.772 50.868 ± 5.087 88.12 10.86 1.02 
33-34 0.286 1.786 52.654 ± 5.265 81.26 17.29 1.45 
34-35 0.286 1.786 54.44 ± 5.444 76.85 21.24 1.91 
35-36 0.284 1.790 56.229 ± 5.623 79.87 18.32 1.81 
36-37 0.311 1.724 57.953 ± 5.795 80.47 17.83 1.7 
37-38 0.302 1.745 59.698 ± 5.97 83.29 15.22 1.49 
38-39 0.311 1.724 61.422 ± 6.142 73.51 24.3 2.19 
39-40 0.312 1.719 63.141 ± 6.314 79.39 18.87 1.74 
144 
 
40-41 0.293 1.768 64.909 ± 6.491 71.12 27.12 1.76 
41-42 0.306 1.734 66.643 ± 6.664 71.12 25.68 3.2 
42-43 0.308 1.730 68.373 ± 6.837 76.66 21.39 1.95 
43-44 0.310 1.724 70.097 ± 7.01 70.52 27.75 1.73 
44-45 0.305 1.738 71.835 ± 7.184 74.47 23.64 1.89 
45-46 0.299 1.753 73.588 ± 7.359 66.99 29.65 3.36 
46-47 0.291 1.773 75.361 ± 7.536 72.23 25.89 1.88 
47-48 0.284 1.790 77.151 ± 7.715 67.42 29.21 3.37 
48-49 0.280 1.801 78.952 ± 7.895 72.44 24.89 2.67 
49-50 0.279 1.804 80.755 ± 8.076 78.18 20.13 1.69 
50-52 0.279 1.803 84.361 ± 8.436 70.97 27.28 1.75 
52-54 0.284 1.790 87.941 ± 8.794 70.44 27.48 2.08 
54-56 0.283 1.793 91.527 ± 9.153 77.86 20.82 1.32 
56-58 0.279 1.803 95.134 ± 9.513 77.92 20.54 1.54 
58-60 0.277 1.808 98.749 ± 9.875 78.45 20.16 1.39 
60-62 0.281 1.797 102.343 ± 10.23 82.21 16.44 1.35 
62-64 0.281 1.798 105.939 ± 10.59 79.36 19.09 1.55 
64-66 0.276 1.809 109.557 ± 10.95 74.2 24.37 1.43 
66-68 0.277 1.808 113.174 ± 11.31 78.27 20.08 1.65 
68-70 0.287 1.783 116.74 ± 11.674 75.08 23.13 1.79 
70-72 0.276 1.810 120.36 ± 12.036 79.56 19.25 1.19 
72-74 0.280 1.799 123.958 ± 12.39 64.99 32.9 2.11 
74-76 0.284 1.789 127.537 ± 12.75 57.86 39.41 2.73 
76-78 0.291 1.772 131.082 ± 13.10 61.52 35.82 2.66 
78-80 0.291 1.772 134.626 ± 13.46 68.31 29.76 1.93 
80-82 0.296 1.760 138.145 ± 13.81 79.03 19.52 1.45 
82-84 0.297 1.757 141.66 ± 14.166 79.45 19.6 0.95 
84-86 0.308 1.729 145.118 ± 14.51 76.66 21.53 1.81 
86-88 0.302 1.746 148.61 ± 14.861 84.63 14.79 0.58 
88-90 0.308 1.731 152.071 ± 15.20 77.63 20.76 1.61 
90-92 0.292 1.769 155.61 ± 15.561 82.15 17.09 0.76 
92-94 0.296 1.761 159.131 ± 15.91 82.94 16.34 0.72 
94-96 0.295 1.763 162.658 ± 16.26 82.4 16.27 1.33 
96-98 0.286 1.786 166.23 ± 16.623 82.09 16.51 1.4 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.822 0.445 0.445 ± 0.045 42.32 50.95 6.73 
1-2 0.708 0.730 1.175 ± 0.118 45.69 47.43 6.88 
2-3 0.742 0.644 1.82 ± 0.182 35.61 54.07 10.32 
3-4 0.726 0.686 2.506 ± 0.251 28.95 36.63 34.42 
4-5 0.622 0.945 3.45 ± 0.345 56.5 39.18 4.32 
5-6 0.539 1.152 4.603 ± 0.46 59.96 36.36 3.68 
6-7 0.498 1.254 5.857 ± 0.586 63.17 33.37 3.46 
7-8 0.487 1.282 7.139 ± 0.714 53.82 38.39 7.79 
8-9 0.541 1.148 8.287 ± 0.829 56.52 38.06 5.42 
9-10 0.504 1.240 9.528 ± 0.953 47.06 29.68 23.26 
10-11 0.443 1.393 10.921 ± 1.092 47.87 31.21 20.92 
11-12 0.433 1.418 12.339 ± 1.234 47.35 44.7 7.95 
12-13 0.396 1.511 13.85 ± 1.385 57.93 37.55 4.52 
13-14 0.398 1.504 15.354 ± 1.535 72.26 25.29 2.45 
14-15 0.401 1.497 16.851 ± 1.685 64.27 30.38 5.35 
15-16 0.408 1.479 18.33 ± 1.833 67.21 29.96 2.83 
16-17 0.423 1.442 19.772 ± 1.977 59.42 37.99 2.59 
17-18 0.421 1.447 21.219 ± 2.122 63.13 33.01 3.86 
18-19 0.418 1.455 22.674 ± 2.267 55.54 39.36 5.1 
19-20 0.413 1.466 24.141 ± 2.414 62.04 34.22 3.74 
20-21 0.436 1.411 25.551 ± 2.555 67.59 26.42 5.99 
21-22 0.414 1.466 27.017 ± 2.702 60.5 35.1 4.4 
22-23 0.405 1.488 28.505 ± 2.85 72.1 25.63 2.27 
23-24 0.395 1.512 30.017 ± 3.002 80.52 16.32 3.16 
24-25 0.389 1.527 31.544 ± 3.154 50.16 29.56 20.28 
25-26 0.389 1.526 33.07 ± 3.307 70.68 26.05 3.27 
26-27 0.376 1.560 34.63 ± 3.463 76.31 20.59 3.1 
27-28 0.376 1.559 36.189 ± 3.619 71.08 24.96 3.96 
28-29 0.383 1.543 37.732 ± 3.773 72.23 23.29 4.48 
29-30 0.377 1.558 39.29 ± 3.929 69.74 26.85 3.41 
30-31 0.373 1.567 40.856 ± 4.086 66.59 30.81 2.6 
31-32 0.375 1.562 42.419 ± 4.242 64.9 31.22 3.88 
32-33 0.371 1.573 43.992 ± 4.399 61.18 34.92 3.9 
33-34 0.357 1.608 45.6 ± 4.56 70.75 26.78 2.47 
34-35 0.353 1.618 47.218 ± 4.722 72.05 25.62 2.33 
35-36 0.338 1.654 48.873 ± 4.887 76.88 21.44 1.68 
36-37 0.352 1.621 50.493 ± 5.049 71.5 25.91 2.59 
37-38 0.351 1.622 52.115 ± 5.212 72.37 25.65 1.98 
38-39 0.351 1.623 53.739 ± 5.374 74.92 22.71 2.37 
39-40 0.349 1.628 55.367 ± 5.537 76.83 21.1 2.07 
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40-41 0.347 1.632 56.999 ± 5.7 68.56 28.98 2.46 
41-42 0.348 1.631 58.63 ± 5.863 68.27 29.17 2.56 
42-43 0.344 1.640 60.27 ± 6.027 79.37 18.88 1.75 
43-44 0.340 1.649 61.919 ± 6.192 77.38 21.06 1.56 
44-45 0.337 1.657 63.576 ± 6.358 73.3 24.19 2.51 
45-46 0.338 1.656 65.232 ± 6.523 72.25 25.38 2.37 
46-47 0.335 1.661 66.893 ± 6.689 75.8 22.12 2.08 
47-48 0.334 1.666 68.559 ± 6.856 71.73 26.46 1.81 
48-49 0.332 1.671 70.23 ± 7.023 81.68 16.43 1.89 
49-50 0.328 1.679 71.909 ± 7.191 76.51 21.03 2.46 
50-52 0.318 1.705 75.32 ± 7.532 57.22 38.22 4.56 
52-54 0.319 1.702 78.725 ± 7.872 79.67 19.25 1.08 
54-56 0.319 1.702 82.128 ± 8.213 76.1 21.74 2.16 
56-58 0.318 1.704 85.536 ± 8.554 84.87 13.67 1.46 
58-60 0.318 1.705 88.946 ± 8.895 76.78 22.27 0.95 
60-62 0.319 1.703 92.352 ± 9.235 71 27.71 1.29 
62-64 0.317 1.708 95.769 ± 9.577 78.92 19.42 1.66 
64-66 0.314 1.716 99.202 ± 9.92 81.7 17.49 0.81 
66-68 0.315 1.712 102.626 ± 10.26 76.53 21.43 2.04 
68-70 0.318 1.704 106.035 ± 10.60 84.11 14.66 1.23 
70-72 0.312 1.719 109.473 ± 10.94 81.85 17.18 0.97 
72-74 0.313 1.718 112.908 ± 11.29 70.6 28.29 1.11 
74-76 0.310 1.724 116.356 ± 11.63 75.29 22.52 2.19 
76-78 0.310 1.724 119.805 ± 11.98 70.35 25.83 3.82 
78-80 0.305 1.737 123.279 ± 12.32 81.86 17.09 1.05 
80-82 0.307 1.733 126.745 ± 12.67 74.24 24.4 1.36 
82-84 0.308 1.729 130.203 ± 13.02 79.65 16.9 3.45 
84-86 0.306 1.736 133.676 ± 13.36 73.9 23.86 2.24 
86-88 0.295 1.764 137.203 ± 13.72 68.96 29.78 1.26 
88-90 0.303 1.742 140.687 ± 14.06 78.15 19.45 2.4 
90-92 0.305 1.738 144.163 ± 14.41 78.41 19.23 2.36 
92-94 0.315 1.713 147.588 ± 14.75 74.06 22.55 3.39 
94-96 0.326 1.686 150.96 ± 15.096 77.56 20.76 1.68 
96-98 0.349 1.628 154.216 ± 15.42 77.51 20.83 1.66 













     Interval       Porosity   Bulk Density   Cumulative Mass    Sand      Silt        Clay 
       (cm)              (%)            (g/cm3)           Depth (g/cm2)        (%)          (%)         (%) 
0-1 0.668 0.831 0.831 ± 0.083 ND ND ND 
1-2 0.572 1.070 1.901 ± 0.19 ND ND ND 
2-3 0.604 0.990 2.891 ± 0.289 ND ND ND 
3-4 0.631 0.924 3.815 ± 0.381 ND ND ND 
4-5 0.559 1.103 4.918 ± 0.492 ND ND ND 
5-6 0.497 1.258 6.176 ± 0.618 ND ND ND 
6-7 0.485 1.288 7.464 ± 0.746 ND ND ND 
7-8 0.440 1.400 8.864 ± 0.886 ND ND ND 
8-9 0.420 1.450 10.314 ± 1.031 ND ND ND 
9-10 0.402 1.495 11.809 ± 1.181 ND ND ND 
10-11 0.393 1.517 13.325 ± 1.333 ND ND ND 
11-12 0.386 1.534 14.86 ± 1.486 ND ND ND 
12-13 0.389 1.529 16.389 ± 1.639 ND ND ND 
13-14 0.394 1.514 17.902 ± 1.79 ND ND ND 
14-15 0.395 1.513 19.415 ± 1.941 ND ND ND 
15-16 0.383 1.543 20.958 ± 2.096 ND ND ND 
16-17 0.352 1.621 22.579 ± 2.258 ND ND ND 
17-18 0.369 1.578 24.157 ± 2.416 ND ND ND 
18-19 0.361 1.597 25.754 ± 2.575 ND ND ND 
19-20 0.359 1.601 27.355 ± 2.736 ND ND ND 
20-21 0.358 1.606 28.961 ± 2.896 ND ND ND 
21-22 0.377 1.557 30.518 ± 3.052 ND ND ND 
22-23 0.562 1.094 31.612 ± 3.161 ND ND ND 
23-24 0.429 1.427 33.039 ± 3.304 ND ND ND 
24-25 0.443 1.394 34.433 ± 3.443 ND ND ND 
25-26 0.435 1.412 35.845 ± 3.585 ND ND ND 
26-27 0.477 1.308 37.154 ± 3.715 ND ND ND 
27-28 0.473 1.319 38.472 ± 3.847 ND ND ND 
28-29 0.496 1.261 39.734 ± 3.973 ND ND ND 
29-30 0.493 1.268 41.002 ± 4.1 ND ND ND 
30-31 0.500 1.251 42.253 ± 4.225 ND ND ND 
31-32 0.488 1.279 43.532 ± 4.353 ND ND ND 
32-33 0.470 1.324 44.856 ± 4.486 ND ND ND 
33-34 0.470 1.326 46.182 ± 4.618 ND ND ND 
34-35 0.473 1.316 47.499 ± 4.75 ND ND ND 
35-36 0.465 1.336 48.835 ± 4.884 ND ND ND 
36-37 0.475 1.313 50.148 ± 5.015 ND ND ND 
37-38 0.496 1.261 51.409 ± 5.141 ND ND ND 
38-39 0.491 1.273 52.682 ± 5.268 ND ND ND 
39-40 0.489 1.278 53.96 ± 5.396 ND ND ND 
148 
 
40-41 0.472 1.319 55.279 ± 5.528 ND ND ND 
41-42 0.434 1.414 56.693 ± 5.669 ND ND ND 
42-43 0.418 1.454 58.147 ± 5.815 ND ND ND 
43-44 0.408 1.479 59.626 ± 5.963 ND ND ND 
44-45 0.394 1.516 61.142 ± 6.114 ND ND ND 
45-46 0.394 1.515 62.657 ± 6.266 ND ND ND 
46-47 0.404 1.490 64.147 ± 6.415 ND ND ND 
47-48 0.405 1.488 65.636 ± 6.564 ND ND ND 
48-49 0.414 1.465 67.101 ± 6.71 ND ND ND 
49-50 0.422 1.446 68.547 ± 6.855 ND ND ND 
50-52 0.434 1.414 69.961 ± 6.996 ND ND ND 
52-54 0.434 1.415 71.376 ± 7.138 ND ND ND 
54-56 0.421 1.448 72.824 ± 7.282 ND ND ND 
56-58 0.408 1.479 74.303 ± 7.43 ND ND ND 
58-60 0.404 1.491 75.794 ± 7.579 ND ND ND 
60-62 0.413 1.468 77.262 ± 7.726 ND ND ND 
62-64 0.411 1.472 78.734 ± 7.873 ND ND ND 
64-66 0.388 1.531 80.264 ± 8.026 ND ND ND 
66-68 0.369 1.576 81.841 ± 8.184 ND ND ND 
68-70 0.353 1.618 83.458 ± 8.346 ND ND ND 
70-72 0.355 1.612 85.07 ± 8.507 ND ND ND 
72-74 0.360 1.600 86.671 ± 8.667 ND ND ND 
74-76 0.370 1.576 88.246 ± 8.825 ND ND ND 
76-78 0.360 1.600 89.846 ± 8.985 ND ND ND 
78-80 0.360 1.600 91.447 ± 9.145 ND ND ND 
80-82 0.358 1.604 93.051 ± 9.305 ND ND ND 
82-84 0.356 1.610 94.661 ± 9.466 ND ND ND 
84-86 0.353 1.618 96.279 ± 9.628 ND ND ND 
86-88 0.359 1.603 97.882 ± 9.788 ND ND ND 
88-90 0.354 1.614 99.496 ± 9.95 ND ND ND 
90-92 0.358 1.606 102.708 ± 10.271 ND ND ND 
92-94 0.355 1.612 105.933 ± 10.593 ND ND ND 
94-96 0.359 1.602 109.136 ± 10.914 ND ND ND 
96-98 0.362 1.595 112.326 ± 11.233 ND ND ND 












Appendix B: Radiochemical Properties 
 
DOE_6B_10V 
       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 6.53 ± 0.45 1.24 ± 0.13 23.3 ± 1.38 15.75 ± 0.89 
1-2 0 ± 0 1.3 ± 0.14 17.89 ± 1.25 10.33 ± 0.76 
2-3 0 ± 0 1.56 ± 0.15 19.81 ± 1.28 12.25 ± 0.79 
3-4 0 ± 0 0 ± 0 18.04 ± 1.07 10.49 ± 0.59 
4-5 0 ± 0 1.45 ± 0.13 31.97 ± 2.17 24.41 ± 1.68 
5-6 0 ± 0 0 ± 0 14.7 ± 0.96 7.14 ± 0.47 
6-7 0 ± 0 0 ± 0 13.33 ± 0.86 5.78 ± 0.37 
7-8 0 ± 0 1.1 ± 0.07 11.19 ± 0.66 3.63 ± 0.17 
8-9 0 ± 0 0 ± 0 9.72 ± 0.62 2.17 ± 0.13 
9-10 0 ± 0 0.59 ± 0.08 14.76 ± 1.02 7.2 ± 0.53 
10-11 0 ± 0 0 ± 0 10.97 ± 0.74 3.42 ± 0.25 
11-12 0 ± 0 0 ± 0 8.89 ± 0.62 1.34 ± 0.13 
12-13 0 ± 0 0 ± 0 8.77 ± 0.59 1.22 ± 0.11 
13-14 0 ± 0 0 ± 0 10.62 ± 0.65 3.07 ± 0.17 
14-15 0 ± 0 0.71 ± 0.07 13.02 ± 0.87 5.46 ± 0.39 
15-16 0 ± 0 0 ± 0 11.4 ± 0.69 3.85 ± 0.2 
16-17 0 ± 0 0 ± 0 11.78 ± 0.68 4.22 ± 0.19 
17-18 0 ± 0 0 ± 0 11.93 ± 0.7 4.38 ± 0.21 
18-19 0 ± 0 0 ± 0 11.91 ± 0.8 4.35 ± 0.31 
19-20 0 ± 0 0.34 ± 0.04 10.2 ± 0.67 2.65 ± 0.18 
20-21 0 ± 0 0 ± 0 11.06 ± 0.61 3.51 ± 0.13 
21-22 0 ± 0 0 ± 0 11.26 ± 0.69 3.7 ± 0.21 
22-23 ND ND 10.58 ± 0.71 3.03 ± 0.23 
23-24 ND ND 9.84 ± 0.63 2.29 ± 0.14 
24-25 ND ND 10.69 ± 0.73 3.13 ± 0.25 
25-26 ND ND 9.11 ± 0.62 1.55 ± 0.13 
26-27 ND ND 10.88 ± 0.73 3.33 ± 0.24 
27-28 ND ND 11.33 ± 0.65 3.78 ± 0.16 
28-29 ND ND 11.46 ± 0.77 3.91 ± 0.28 
29-30 ND ND 10.64 ± 0.7 3.09 ± 0.22 
30-31 ND ND 9.65 ± 0.57 2.1 ± 0.09 
31-32 ND ND 10.17 ± 0.6 2.61 ± 0.11 
32-33 ND ND 6.98 ± 0.47 0 ± 0 
33-34 ND ND 7.35 ± 0.49 0 ± 0 
34-35 ND ND 9.89 ± 0.67 2.33 ± 0.18 
35-36 ND ND 7.57 ± 0.44 0 ± 0 
36-37 ND ND 7.19 ± 0.43 0 ± 0 
37-38 ND ND 6.94 ± 0.48 0 ± 0 
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38-39 ND ND 8.01 ± 0.44 0 ± 0 
39-40 ND ND 10.22 ± 0.75 2.67 ± 0.26 
40-41 ND ND 8.01 ± 0.52 0.46 ± 0.03 
41-42 ND ND 8.1 ± 0.42 0 ± 0 
42-43 ND ND 7.96 ± 0.49 0.4 ± 0.01 
43-44 ND ND 7.31 ± 0.45 0 ± 0 
44-45 ND ND 10.53 ± 0.75 2.97 ± 0.27 
45-46 ND ND 7.31 ± 0.46 0 ± 0 
46-47 ND ND 7.82 ± 0.52 0.26 ± 0.03 
47-48 ND ND 6.71 ± 0.5 0 ± 0 
48-49 ND ND 8.13 ± 0.45 0 ± 0 








































       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 0.62 ± 0.08 31.93 ± 1.94 25.24 ± 1.4 
1-2 0 ± 0 0.53 ± 0.05 27.09 ± 2.54 20.4 ± 2 
2-3 0 ± 0 0 ± 0 24.17 ± 1.52 17.48 ± 0.97 
3-4 0 ± 0 0 ± 0 17.29 ± 0.96 10.6 ± 0.42 
4-5 0 ± 0 0 ± 0 17.78 ± 1.15 11.09 ± 0.61 
5-6 0 ± 0 0 ± 0 11.67 ± 1.17 4.98 ± 0.63 
6-7 0 ± 0 0 ± 0 11.85 ± 0.9 5.16 ± 0.36 
7-8 0 ± 0 0 ± 0 12.38 ± 1.09 5.69 ± 0.55 
8-9 0 ± 0 0 ± 0 13.25 ± 0.96 6.56 ± 0.42 
9-10 0 ± 0 0.43 ± 0.05 14.49 ± 0.92 7.8 ± 0.38 
10-11 0 ± 0 0 ± 0 10.47 ± 0.77 3.78 ± 0.23 
11-12 0 ± 0 0 ± 0 11.8 ± 0.81 5.11 ± 0.27 
12-13 0 ± 0 0 ± 0 11.99 ± 0.9 5.3 ± 0.36 
13-14 0 ± 0 0 ± 0 9.59 ± 0.7 2.9 ± 0.16 
14-15 0 ± 0 0 ± 0 12.16 ± 0.78 5.47 ± 0.24 
15-16 ND ND 8.44 ± 0.58 1.75 ± 0.04 
16-17 ND ND 9.21 ± 0.61 2.52 ± 0.07 
17-18 ND ND 8.11 ± 0.66 1.42 ± 0.12 
18-19 ND ND 8.13 ± 0.64 1.44 ± 0.1 
19-20 0 ± 0 0 ± 0 8.56 ± 0.58 1.87 ± 0.03 
20-21 ND ND 7.57 ± 0.5 0 ± 0 
21-22 ND ND 7.74 ± 0.57 1.05 ± 0.03 
22-23 ND ND 7.12 ± 0.52 0 ± 0 
23-24 ND ND 7.59 ± 0.71 0.9 ± 0.17 
24-25 0 ± 0 0 ± 0 9.35 ± 0.54 2.67 ± 0 
25-26 ND ND 6.98 ± 0.55 0.29 ± 0.01 
26-27 ND ND 7.04 ± 0.59 0.35 ± 0.05 
27-28 ND ND 6.43 ± 0.56 0 ± 0 
28-29 ND ND 7.05 ± 0.7 0.36 ± 0.15 
29-30 0 ± 0 0 ± 0 8.2 ± 0.6 1.51 ± 0.06 
30-31 ND ND 6.72 ± 0.54 0.03 ± 0 
31-32 ND ND 5.83 ± 0.45 0 ± 0 
32-33 ND ND 7.51 ± 0.63 0.82 ± 0.09 
33-34 ND ND 8.57 ± 0.57 1.88 ± 0.03 
34-35 0 ± 0 0 ± 0 8.88 ± 0.58 2.19 ± 0.04 
35-36 ND ND 8.39 ± 0.61 1.7 ± 0.07 
36-37 ND ND 6.94 ± 0.43 0 ± 0 
37-38 ND ND 8.39 ± 0.63 1.7 ± 0.09 
38-39 ND ND 7.3 ± 0.54 0.61 ± 0 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 7.99 ± 0.57 1.39 ± 0.13 28.53 ± 1.9 22.36 ± 1.42 
1-2 0 ± 0 0.84 ± 0.07 27.26 ± 1.63 21.08 ± 1.15 
2-3 0 ± 0 0 ± 0 18.47 ± 1.07 12.3 ± 0.59 
3-4 0 ± 0 0.3 ± 0.03 17.69 ± 1 11.51 ± 0.52 
4-5 0 ± 0 0.79 ± 0.09 14.02 ± 0.79 7.84 ± 0.31 
5-6 0 ± 0 0 ± 0 13.99 ± 1.03 7.81 ± 0.55 
6-7 0 ± 0 0.49 ± 0.06 12.37 ± 0.93 6.2 ± 0.45 
7-8 0 ± 0 0 ± 0 12.4 ± 0.89 6.23 ± 0.41 
8-9 0 ± 0 0.42 ± 0.05 12.2 ± 0.91 6.02 ± 0.43 
9-10 0 ± 0 0 ± 0 12.4 ± 0.75 6.22 ± 0.27 
10-11 0 ± 0 0 ± 0 13.93 ± 0.9 7.75 ± 0.42 
11-12 0 ± 0 0 ± 0 10.7 ± 0.79 4.52 ± 0.31 
12-13 0 ± 0 0 ± 0 11.65 ± 0.78 5.47 ± 0.3 
13-14 0 ± 0 0 ± 0 10.58 ± 0.79 4.4 ± 0.31 
14-15 0 ± 0 0 ± 0 11.44 ± 0.83 5.26 ± 0.36 
15-16 0 ± 0 0 ± 0 9.6 ± 0.66 3.43 ± 0.18 
16-17 ND ND 10.93 ± 0.86 4.76 ± 0.39 
17-18 ND ND 10.11 ± 0.66 3.93 ± 0.18 
18-19 ND ND 10.06 ± 0.71 3.89 ± 0.23 
19-20 ND ND 9.32 ± 0.64 3.14 ± 0.16 
20-21 ND ND 8.95 ± 0.65 2.77 ± 0.17 
21-22 ND ND 8.76 ± 0.66 2.58 ± 0.18 
22-23 ND ND 8.29 ± 0.59 2.11 ± 0.11 
23-24 ND ND 7.76 ± 0.62 1.58 ± 0.14 
24-25 ND ND 8.42 ± 0.53 2.25 ± 0.05 
25-26 ND ND 7.03 ± 0.55 0.86 ± 0.07 
26-27 ND ND 6.34 ± 0.51 0.17 ± 0.03 
27-28 ND ND 6.6 ± 0.49 0.43 ± 0.01 
28-29 ND ND 5.59 ± 0.44 0 ± 0 
29-30 ND ND 8.22 ± 0.56 2.04 ± 0.08 
30-31 ND ND 7.96 ± 0.6 1.78 ± 0.12 
31-32 ND ND 9.29 ± 0.62 3.11 ± 0.14 
32-33 ND ND 8.65 ± 0.58 2.47 ± 0.1 
33-34 ND ND 9.71 ± 0.68 3.54 ± 0.2 
34-35 ND ND 9 ± 0.65 2.82 ± 0.17 
35-36 ND ND 8.16 ± 0.57 1.99 ± 0.09 
36-37 ND ND 9.02 ± 0.67 2.84 ± 0.19 
37-38 ND ND 8.37 ± 0.59 2.2 ± 0.11 
38-39 ND ND 6.43 ± 0.58 0.25 ± 0.1 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 4.84 ± 0.41 1.29 ± 0.14 28.55 ± 1.79 19.2 ± 1.1 
1-2 0 ± 0 1.83 ± 0.25 23.99 ± 1.18 14.64 ± 0.49 
2-3 0 ± 0 3.59 ± 0.43 23.54 ± 1.32 14.18 ± 0.63 
3-4 0 ± 0 2.21 ± 0.23 24.61 ± 1.14 15.26 ± 0.45 
4-5 0 ± 0 6.07 ± 0.74 27.63 ± 1.19 18.28 ± 0.5 
5-6 0 ± 0 6.16 ± 0.82 23.33 ± 1.3 13.98 ± 0.61 
6-7 0 ± 0 13.7 ± 1.75 35.84 ± 2.07 26.48 ± 1.38 
7-8 0 ± 0 13.62 ± 1.77 23.6 ± 1.21 14.24 ± 0.52 
8-9 0 ± 0 2.33 ± 0.24 20.26 ± 0.99 10.91 ± 0.3 
9-10 0 ± 0 1.77 ± 0.17 17.57 ± 1.28 8.22 ± 0.59 
10-11 0 ± 0 1.74 ± 0.17 18.4 ± 1.17 9.04 ± 0.48 
11-12 0 ± 0 8.91 ± 0.99 26 ± 1.44 16.65 ± 0.75 
12-13 0 ± 0 6.94 ± 0.72 29.66 ± 1.58 20.31 ± 0.89 
13-14 0 ± 0 4.57 ± 0.49 28.95 ± 1.46 19.59 ± 0.77 
14-15 0 ± 0 2.13 ± 0.22 24.42 ± 1.57 15.07 ± 0.88 
15-16 0 ± 0 1.46 ± 0.19 23.8 ± 1.48 14.44 ± 0.79 
16-17 0 ± 0 0 ± 0 22.55 ± 1.47 13.2 ± 0.78 
17-18 0 ± 0 0 ± 0 20.86 ± 1.43 11.51 ± 0.74 
18-19 0 ± 0 0 ± 0 20.25 ± 1.38 10.89 ± 0.69 
19-20 ND ND 15.07 ± 0.94 5.71 ± 0.25 
20-21 ND ND 17.56 ± 1.23 8.21 ± 0.53 
21-22 ND ND 16.44 ± 1.14 7.09 ± 0.45 
22-23 ND ND 19 ± 1.26 9.64 ± 0.56 
23-24 ND ND 13.77 ± 1 4.42 ± 0.31 
24-25 ND ND 15.16 ± 0.96 5.8 ± 0.26 
25-26 ND ND 13.79 ± 0.94 4.44 ± 0.25 
26-27 ND ND 14.82 ± 1.1 5.47 ± 0.41 
27-28 ND ND 13.48 ± 1 4.12 ± 0.31 
28-29 ND ND 12.48 ± 0.87 3.12 ± 0.17 
29-30 ND ND 11.66 ± 0.74 2.3 ± 0.04 
30-31 ND ND 12.9 ± 0.84 3.54 ± 0.15 
31-32 ND ND 12.53 ± 0.94 3.18 ± 0.24 
32-33 ND ND 11.15 ± 0.75 1.8 ± 0.06 
33-34 ND ND 12.08 ± 0.8 2.73 ± 0.11 
34-35 ND ND 12.2 ± 0.89 2.84 ± 0.2 
35-36 ND ND 13.08 ± 0.93 3.72 ± 0.23 
36-37 ND ND 12.53 ± 0.86 3.18 ± 0.17 
37-38 ND ND 9.87 ± 0.68 0 ± 0 
38-39 ND ND 9.66 ± 0.78 0.3 ± 0.09 
39-40 ND ND 9.48 ± 0.7 0.12 ± 0.01 
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40-41 ND ND 8.93 ± 0.59 0 ± 0 
41-42 ND ND 9.58 ± 0.64 0 ± 0 
42-43 ND ND 10.64 ± 0.61 0 ± 0 
43-44 ND ND 9.41 ± 0.82 0.05 ± 0.13 
44-45 ND ND 10.01 ± 0.72 0.65 ± 0.03 
45-46 ND ND 11.6 ± 0.83 2.25 ± 0.14 
46-47 ND ND 11.18 ± 0.73 1.83 ± 0.04 
47-48 ND ND 9.35 ± 0.63 0 ± 0 
48-49 ND ND 9.82 ± 0.69 0.46 ± 0 











































       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 1.85 ± 0.22 50.21 ± 2.69 43.06 ± 2.18 
1-2 0 ± 0 1.82 ± 0.21 51.86 ± 3.04 44.7 ± 2.53 
2-3 0 ± 0 1.99 ± 0.23 51.69 ± 3.52 44.54 ± 3 
3-4 0 ± 0 1.05 ± 0.11 37.35 ± 2.33 30.2 ± 1.82 
4-5 0 ± 0 1.55 ± 0.18 37.69 ± 2.75 30.54 ± 2.23 
5-6 0 ± 0 2.3 ± 0.25 38.51 ± 2.38 31.36 ± 1.87 
6-7 0 ± 0 1.93 ± 0.25 31.18 ± 2 24.02 ± 1.49 
7-8 0 ± 0 1.72 ± 0.22 22.55 ± 1.58 15.4 ± 1.06 
8-9 0 ± 0 0 ± 0 22.22 ± 1.6 15.07 ± 1.09 
9-10 0 ± 0 1.56 ± 0.16 21.58 ± 1.45 14.43 ± 0.94 
10-11 0 ± 0 1.86 ± 0.22 23.67 ± 1.48 16.52 ± 0.97 
11-12 0 ± 0 1.18 ± 0.16 18.21 ± 1.05 11.05 ± 0.54 
12-13 0 ± 0 0 ± 0 21.54 ± 1.44 14.39 ± 0.93 
13-14 0 ± 0 0 ± 0 20.35 ± 1.27 13.2 ± 0.76 
14-15 0 ± 0 0 ± 0 19.19 ± 1.33 12.04 ± 0.82 
15-16 0 ± 0 0 ± 0 12.24 ± 0.89 5.09 ± 0.38 
16-17 ND ND 15.68 ± 0.98 8.53 ± 0.47 
17-18 ND ND 16.54 ± 1.05 9.39 ± 0.54 
18-19 ND ND 14.57 ± 0.95 7.41 ± 0.44 
19-20 ND ND 11.92 ± 0.8 4.77 ± 0.29 
20-21 ND ND 12.44 ± 0.91 5.29 ± 0.39 
21-22 ND ND 12.64 ± 0.83 5.49 ± 0.32 
22-23 ND ND 12.02 ± 0.88 4.87 ± 0.37 
23-24 ND ND 12.09 ± 0.89 4.94 ± 0.38 
24-25 ND ND 10.36 ± 0.69 3.2 ± 0.18 
25-26 ND ND 9.86 ± 0.7 2.71 ± 0.19 
26-27 ND ND 9.18 ± 0.59 2.03 ± 0.08 
27-28 ND ND 6.94 ± 0.51 0 ± 0 
28-29 ND ND 7.32 ± 0.51 0.17 ± 0 
29-30 ND ND 7.2 ± 0.51 0.05 ± 0 
30-31 ND ND 9.23 ± 0.65 2.08 ± 0.14 
31-32 ND ND 10.86 ± 0.7 3.71 ± 0.19 
32-33 ND ND 9.52 ± 0.69 2.37 ± 0.18 
33-34 ND ND 8.96 ± 0.65 1.8 ± 0.14 
34-35 ND ND 7.33 ± 0.54 0.18 ± 0.03 
35-36 ND ND 9.72 ± 0.69 2.57 ± 0.17 
36-37 ND ND 7.64 ± 0.68 0.49 ± 0.17 
37-38 ND ND 8.66 ± 0.63 1.51 ± 0.11 
38-39 ND ND 9.78 ± 0.65 2.63 ± 0.14 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 37.9 ± 3.82 7.24 ± 0.49 199.86 ± 10.91 193.78 ± 10.46 
1-2 11.08 ± 1.04 5.97 ± 0.62 203.84 ± 14.98 197.77 ± 14.53 
2-3 0 ± 0 5.48 ± 0.67 111.41 ± 8.09 105.33 ± 7.65 
3-4 0 ± 0 3.6 ± 0.48 54.42 ± 3.67 48.35 ± 3.23 
4-5 0 ± 0 5.33 ± 0.5 126.08 ± 10.18 120 ± 9.74 
5-6 0 ± 0 4.14 ± 0.44 61.2 ± 3.83 55.12 ± 3.39 
6-7 0 ± 0 2.5 ± 0.27 35.36 ± 2.58 29.28 ± 2.14 
7-8 0 ± 0 4.98 ± 0.65 31.92 ± 1.85 25.84 ± 1.41 
8-9 0 ± 0 0 ± 0 20.13 ± 1.28 14.05 ± 0.83 
9-10 0 ± 0 2.14 ± 0.29 25.5 ± 1.78 19.42 ± 1.34 
10-11 0 ± 0 3.01 ± 0.18 30.22 ± 2.18 24.14 ± 1.74 
11-12 0 ± 0 4.1 ± 0.38 33.07 ± 2.1 27 ± 1.66 
12-13 0 ± 0 14.92 ± 1.46 27.24 ± 1.72 21.17 ± 1.27 
13-14 0 ± 0 5.81 ± 0.56 24.98 ± 1.73 18.9 ± 1.28 
14-15 0 ± 0 2.92 ± 0.28 34.26 ± 2.3 28.19 ± 1.86 
15-16 0 ± 0 2.7 ± 0.27 17.96 ± 1.19 11.88 ± 0.74 
16-17 0 ± 0 2.33 ± 0.23 15.25 ± 1.03 9.17 ± 0.58 
17-18 0 ± 0 0 ± 0 11.63 ± 0.73 5.56 ± 0.29 
18-19 0 ± 0 0 ± 0 8.39 ± 0.57 2.31 ± 0.13 
19-20 0 ± 0 0 ± 0 9.51 ± 0.64 3.44 ± 0.2 
20-21 0 ± 0 0 ± 0 10.8 ± 0.75 4.72 ± 0.31 
21-22 0 ± 0 0 ± 0 9.43 ± 0.78 3.36 ± 0.33 
22-23 0 ± 0 0 ± 0 12.03 ± 0.8 5.96 ± 0.36 
23-24 0 ± 0 0 ± 0 11.12 ± 0.77 5.05 ± 0.33 
24-25 0 ± 0 0 ± 0 12.18 ± 0.87 6.11 ± 0.43 
25-26 0 ± 0 0 ± 0 9.6 ± 0.64 3.52 ± 0.2 
26-27 ND ND 9.06 ± 0.78 2.99 ± 0.34 
27-28 ND ND 7.46 ± 0.55 1.39 ± 0.11 
28-29 ND ND 8.44 ± 0.65 2.37 ± 0.21 
29-30 ND ND 6.68 ± 0.47 0.6 ± 0.02 
30-31 ND ND 5.46 ± 0.39 0 ± 0 
31-32 ND ND 5.77 ± 0.61 0 ± 0 
32-33 ND ND 6.02 ± 0.42 0 ± 0 
33-34 ND ND 5.58 ± 0.45 0 ± 0 










       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 73.61 ± 6.52 3.23 ± 0.41 43.06 ± 2.07 37.31 ± 1.68 
1-2 14.96 ± 1.3 2.41 ± 0.27 41.01 ± 2.06 35.26 ± 1.67 
2-3 7.82 ± 0.65 4.4 ± 0.5 46.64 ± 1.98 40.89 ± 1.59 
3-4 0 ± 0 4.67 ± 0.32 50.87 ± 3.2 45.12 ± 2.81 
4-5 0 ± 0 6.06 ± 0.31 70.31 ± 4.12 64.56 ± 3.73 
5-6 0 ± 0 4.57 ± 0.34 62.28 ± 4.05 56.53 ± 3.66 
6-7 0 ± 0 10.16 ± 1.12 38.69 ± 2.7 32.94 ± 2.31 
7-8 0 ± 0 6.36 ± 0.44 51.23 ± 2.93 45.48 ± 2.54 
8-9 0 ± 0 3.95 ± 0.28 43.13 ± 2.68 37.38 ± 2.29 
9-10 0 ± 0 6.25 ± 0.71 43.4 ± 2.28 37.65 ± 1.89 
10-11 0 ± 0 6 ± 0.67 21.97 ± 1.47 16.22 ± 1.08 
11-12 0 ± 0 8.61 ± 0.64 28.19 ± 1.75 22.44 ± 1.36 
12-13 0 ± 0 4.7 ± 0.35 29.04 ± 1.81 23.28 ± 1.42 
13-14 0 ± 0 10.12 ± 1.18 31.86 ± 1.79 26.1 ± 1.41 
14-15 0 ± 0 9.95 ± 1.16 29.48 ± 1.64 23.73 ± 1.25 
15-16 0 ± 0 12.63 ± 0.69 25.53 ± 1.53 19.77 ± 1.14 
16-17 0 ± 0 4.38 ± 0.34 24.07 ± 0.98 18.32 ± 0.6 
17-18 0 ± 0 9.06 ± 0.96 20.84 ± 1.1 15.09 ± 0.71 
18-19 0 ± 0 10.49 ± 0.77 21.87 ± 0.91 16.11 ± 0.52 
19-20 0 ± 0 4.64 ± 0.59 17.35 ± 1.02 11.6 ± 0.64 
20-21 0 ± 0 2.34 ± 0.16 12.66 ± 0.76 6.9 ± 0.37 
21-22 0 ± 0 1.01 ± 0.07 9.88 ± 0.66 4.13 ± 0.27 
22-23 0 ± 0 2.67 ± 0.28 14.89 ± 0.92 9.14 ± 0.53 
23-24 0 ± 0 0 ± 0 7.67 ± 0.54 1.92 ± 0.15 
24-25 0 ± 0 0 ± 0 9.46 ± 0.59 3.7 ± 0.2 
25-26 0 ± 0 0 ± 0 7.23 ± 0.5 1.48 ± 0.11 
26-27 0 ± 0 0 ± 0 6.25 ± 0.44 0.49 ± 0.06 
27-28 0 ± 0 0 ± 0 8.98 ± 0.56 3.23 ± 0.17 
28-29 0 ± 0 0 ± 0 7.25 ± 0.47 1.5 ± 0.08 
29-30 0 ± 0 0 ± 0 6.21 ± 0.35 0 ± 0 
30-31 ND ND 7.28 ± 0.47 1.53 ± 0.08 
31-32 ND ND 6.96 ± 0.5 1.21 ± 0.11 
32-33 ND ND 7.93 ± 0.47 2.18 ± 0.08 
33-34 ND ND 6.96 ± 0.47 1.21 ± 0.08 
34-35 ND ND 6.35 ± 0.41 0.59 ± 0.02 
35-36 ND ND 7.03 ± 0.53 1.27 ± 0.14 
36-37 ND ND 6.73 ± 0.45 0.97 ± 0.06 
37-38 ND ND 6.68 ± 0.48 0.92 ± 0.09 
38-39 ND ND 7.23 ± 0.52 1.47 ± 0.14 
39-40 ND ND 5.22 ± 0.37 0 ± 0 
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40-41 ND ND 6.14 ± 0.42 0.39 ± 0.03 
41-42 ND ND 5.89 ± 0.38 0 ± 0 
42-43 ND ND 6.86 ± 0.49 1.11 ± 0.1 
43-44 ND ND 6.4 ± 0.43 0.65 ± 0.04 
44-45 ND ND 7.41 ± 0.45 1.66 ± 0.06 
45-46 ND ND 7.83 ± 0.53 2.07 ± 0.14 
46-47 ND ND 6.4 ± 0.44 0.65 ± 0.06 
47-48 ND ND 7.68 ± 0.51 1.92 ± 0.12 
48-49 ND ND 8.11 ± 0.52 2.36 ± 0.13 











































       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 20.45 ± 1.41 0.93 ± 0.09 23.07 ± 1.56 8.96 ± 0.73 
1-2 0 ± 0 1.73 ± 0.2 38.35 ± 2.17 24.24 ± 1.33 
2-3 0 ± 0 4.21 ± 0.44 26.82 ± 1.51 12.7 ± 0.67 
3-4 0 ± 0 3.84 ± 0.43 26.17 ± 1.62 12.06 ± 0.78 
4-5 0 ± 0 5.06 ± 0.57 21.23 ± 1.31 7.11 ± 0.48 
5-6 0 ± 0 5.39 ± 0.74 25.69 ± 1.61 11.58 ± 0.77 
6-7 0 ± 0 5.8 ± 0.75 19.83 ± 1.23 5.72 ± 0.39 
7-8 0 ± 0 3.43 ± 0.41 16.72 ± 1 2.61 ± 0.16 
8-9 0 ± 0 3.85 ± 0.56 16.37 ± 1 2.26 ± 0.16 
9-10 0 ± 0 2.05 ± 0.24 20.84 ± 1.22 6.73 ± 0.38 
10-11 0 ± 0 3.46 ± 0.47 12.1 ± 0.73 0 ± 0 
11-12 0 ± 0 1.27 ± 0.12 17.76 ± 1.2 3.65 ± 0.37 
12-13 0 ± 0 2.2 ± 0.2 14.19 ± 0.99 0.08 ± 0.15 
13-14 0 ± 0 2.84 ± 0.35 14.84 ± 1.04 0.73 ± 0.21 
14-15 0 ± 0 1.44 ± 0.1 12.57 ± 0.95 0 ± 0 
15-16 0 ± 0 1.92 ± 0.18 15.63 ± 1.06 1.52 ± 0.22 
16-17 0 ± 0 1.7 ± 0.18 16.53 ± 1.16 2.42 ± 0.33 
17-18 0 ± 0 1.24 ± 0.08 14.98 ± 1.07 0.86 ± 0.23 
18-19 0 ± 0 1.84 ± 0.19 14.2 ± 1.06 0.09 ± 0.22 
19-20 0 ± 0 3.01 ± 0.32 15.05 ± 1.04 0.94 ± 0.2 
20-21 0 ± 0 1.91 ± 0.25 13.58 ± 0.93 0 ± 0 
21-22 0 ± 0 0.95 ± 0.09 12.2 ± 0.8 0 ± 0 
22-23 0 ± 0 0 ± 0 18.76 ± 1.09 4.65 ± 0.25 
23-24 0 ± 0 2.47 ± 0.29 15.2 ± 0.88 1.09 ± 0.05 
24-25 0 ± 0 1.79 ± 0.23 19.34 ± 1.13 5.23 ± 0.29 
25-26 0 ± 0 0 ± 0 16.16 ± 0.89 2.04 ± 0.05 
26-27 0 ± 0 1.26 ± 0.14 15.39 ± 0.93 1.27 ± 0.09 
27-28 0 ± 0 0 ± 0 16.22 ± 0.92 2.11 ± 0.09 
28-29 0 ± 0 1.87 ± 0.11 15.82 ± 0.86 1.7 ± 0.02 
29-30 0 ± 0 1.44 ± 0.1 12.31 ± 0.78 0 ± 0 
30-31 0 ± 0 1.99 ± 0.16 15.6 ± 0.92 1.48 ± 0.08 
31-32 0 ± 0 0 ± 0 14.49 ± 0.85 0.38 ± 0.01 
32-33 0 ± 0 0 ± 0 14.32 ± 0.8 0 ± 0 
33-34 0 ± 0 2.74 ± 0.16 13.5 ± 0.74 0 ± 0 
34-35 0 ± 0 1.91 ± 0.14 15.33 ± 0.86 1.22 ± 0.02 
35-36 0 ± 0 1.65 ± 0.11 15.47 ± 0.86 1.35 ± 0.02 
36-37 0 ± 0 1.45 ± 0.11 14.75 ± 0.88 0.64 ± 0.04 
37-38 0 ± 0 0 ± 0 14.31 ± 0.92 0.2 ± 0.08 
38-39 0 ± 0 0 ± 0 13.5 ± 0.75 0 ± 0 





       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 4.68 ± 0.43 91.42 ± 4.07 84.17 ± 3.55 
1-2 0 ± 0 4.93 ± 0.37 82.67 ± 3.39 75.42 ± 2.87 
2-3 0 ± 0 6.04 ± 0.61 74.84 ± 2.83 67.6 ± 2.31 
3-4 0 ± 0 3.98 ± 0.29 52.93 ± 3.5 45.69 ± 2.98 
4-5 0 ± 0 3.06 ± 0.29 45.12 ± 2.12 37.87 ± 1.6 
5-6 0 ± 0 3.86 ± 0.36 27.14 ± 1.55 19.89 ± 1.03 
6-7 0 ± 0 2.8 ± 0.19 17.74 ± 1.08 10.49 ± 0.56 
7-8 0 ± 0 3.61 ± 0.41 13.67 ± 0.83 6.43 ± 0.31 
8-9 0 ± 0 4.22 ± 0.42 13.87 ± 0.82 6.63 ± 0.3 
9-10 0 ± 0 3.07 ± 0.29 13.18 ± 0.89 5.93 ± 0.37 
10-11 0 ± 0 3.16 ± 0.21 8.86 ± 0.6 1.62 ± 0.08 
11-12 0 ± 0 1.17 ± 0.08 11.38 ± 0.78 4.13 ± 0.26 
12-13 0 ± 0 1.92 ± 0.19 12.95 ± 0.75 5.71 ± 0.24 
13-14 0 ± 0 1.47 ± 0.1 11.98 ± 0.65 4.73 ± 0.13 
14-15 0 ± 0 0 ± 0 8.23 ± 0.47 0 ± 0 
15-16 0 ± 0 0 ± 0 8.09 ± 0.49 0 ± 0 
16-17 0 ± 0 0 ± 0 7.62 ± 0.45 0 ± 0 
17-18 0 ± 0 0 ± 0 8.18 ± 0.47 0 ± 0 
18-19 0 ± 0 0 ± 0 9.24 ± 0.55 2 ± 0.03 
19-20 0 ± 0 10.53 ± 1.23 14.83 ± 1.35 7.58 ± 0.83 
20-21 0 ± 0 0 ± 0 10.38 ± 0.7 3.14 ± 0.19 
21-22 0 ± 0 0 ± 0 9.43 ± 0.67 2.19 ± 0.15 
22-23 0 ± 0 0 ± 0 8.91 ± 0.62 1.67 ± 0.1 
23-24 0 ± 0 0 ± 0 8.55 ± 0.57 1.31 ± 0.05 
24-25 ND ND 8.73 ± 0.55 1.48 ± 0.03 
25-26 ND ND 7.83 ± 0.54 0.58 ± 0.02 
26-27 ND ND 6.41 ± 0.47 0 ± 0 
27-28 ND ND 8.37 ± 0.56 1.13 ± 0.04 
28-29 ND ND 6.95 ± 0.53 0 ± 0 















       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 3.24 ± 0.28 45.56 ± 2.64 36.32 ± 2.02 
1-2 0 ± 0 3.03 ± 0.3 46.74 ± 2.62 37.51 ± 2 
2-3 0 ± 0 4.11 ± 0.31 40.71 ± 2.86 31.48 ± 2.24 
3-4 0 ± 0 6.44 ± 0.49 33.15 ± 1.9 23.92 ± 1.29 
4-5 0 ± 0 13.57 ± 1.71 34.65 ± 1.83 25.41 ± 1.21 
5-6 0 ± 0 8.23 ± 0.55 26.35 ± 1.65 17.11 ± 1.03 
6-7 0 ± 0 15.45 ± 1.63 30.74 ± 1.87 21.5 ± 1.25 
7-8 0 ± 0 32.41 ± 1.92 33.02 ± 2.07 23.78 ± 1.46 
8-9 0 ± 0 14.76 ± 0.92 14.19 ± 0.87 4.96 ± 0.25 
9-10 0 ± 0 11.96 ± 0.83 14.03 ± 0.8 4.8 ± 0.19 
10-11 0 ± 0 13.06 ± 1.29 12.99 ± 0.78 3.75 ± 0.17 
11-12 0 ± 0 28.51 ± 1.83 18.01 ± 1.25 8.78 ± 0.63 
12-13 0 ± 0 16.83 ± 1.05 19.49 ± 1.1 10.25 ± 0.48 
13-14 0 ± 0 24.88 ± 1.56 15.42 ± 1.05 6.19 ± 0.43 
14-15 0 ± 0 8.29 ± 0.86 11.74 ± 0.74 2.51 ± 0.13 
15-16 0 ± 0 9.77 ± 0.75 9.8 ± 0.69 0.57 ± 0.07 
16-17 0 ± 0 1.29 ± 0.09 6.31 ± 0.46 0 ± 0 
17-18 0 ± 0 2.04 ± 0.15 7.62 ± 0.5 0 ± 0 
18-19 0 ± 0 0 ± 0 7.37 ± 0.52 0 ± 0 
19-20 0 ± 0 0 ± 0 8.83 ± 0.57 0 ± 0 
20-21 0 ± 0 0 ± 0 8.88 ± 0.65 0 ± 0 
21-22 0 ± 0 0 ± 0 7.69 ± 0.55 0 ± 0 
22-23 0 ± 0 1.88 ± 0.13 8.98 ± 0.63 0 ± 0 
23-24 0 ± 0 2.44 ± 0.17 10.26 ± 0.7 1.02 ± 0.09 
24-25 0 ± 0 2.5 ± 0.17 12.14 ± 0.8 2.91 ± 0.19 
25-26 0 ± 0 0 ± 0 10.72 ± 0.76 1.49 ± 0.14 
26-27 0 ± 0 0 ± 0 7.77 ± 0.74 0 ± 0 
27-28 0 ± 0 3.15 ± 0.23 8.25 ± 0.53 0 ± 0 
28-29 0 ± 0 5.31 ± 0.35 9.2 ± 0.66 0 ± 0 
29-30 0 ± 0 5.1 ± 0.3 8.92 ± 0.64 0 ± 0 
30-31 ND ND 9.58 ± 0.56 0 ± 0 
31-32 ND ND 12.24 ± 0.79 3 ± 0.17 
32-33 ND ND 11.38 ± 0.74 2.14 ± 0.12 
33-34 ND ND 8.31 ± 0.66 0 ± 0 
34-35 ND ND 13.82 ± 0.84 4.59 ± 0.22 
35-36 ND ND 11.53 ± 0.76 2.29 ± 0.15 
36-37 ND ND 11.55 ± 0.74 2.32 ± 0.12 
37-38 ND ND 12.69 ± 0.81 3.46 ± 0.19 
38-39 ND ND 13.81 ± 0.85 4.58 ± 0.24 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 3.46 ± 0.3 2.41 ± 0.23 64.31 ± 2.67 55.34 ± 2.11 
1-2 0 ± 0 2.97 ± 0.34 65.52 ± 3.62 56.55 ± 3.05 
2-3 0 ± 0 3 ± 0.21 55.45 ± 3.69 46.47 ± 3.12 
3-4 0 ± 0 3.33 ± 0.19 44.6 ± 2.9 35.63 ± 2.33 
4-5 0 ± 0 4.18 ± 0.52 26.48 ± 1.46 17.51 ± 0.9 
5-6 0 ± 0 4.24 ± 0.27 26.73 ± 1.73 17.75 ± 1.16 
6-7 0 ± 0 3.07 ± 0.23 20.14 ± 1.22 11.16 ± 0.65 
7-8 0 ± 0 1.26 ± 0.1 16.35 ± 0.99 7.37 ± 0.42 
8-9 0 ± 0 5.14 ± 0.37 14.13 ± 0.86 5.15 ± 0.29 
9-10 0 ± 0 4.05 ± 0.22 8.7 ± 0.6 0 ± 0 
10-11 0 ± 0 1.5 ± 0.09 10 ± 0.6 1.03 ± 0.03 
11-12 0 ± 0 1.74 ± 0.12 10.18 ± 0.65 1.21 ± 0.09 
12-13 0 ± 0 0 ± 0 9.52 ± 0.6 0.55 ± 0.03 
13-14 0 ± 0 1.25 ± 0.09 7.38 ± 0.48 0 ± 0 
14-15 0 ± 0 0 ± 0 6.42 ± 0.46 0 ± 0 
15-16 0 ± 0 0 ± 0 8.33 ± 0.51 0 ± 0 
16-17 0 ± 0 0 ± 0 6.9 ± 0.42 0 ± 0 
17-18 0 ± 0 0 ± 0 11.28 ± 0.73 2.31 ± 0.16 
18-19 0 ± 0 0 ± 0 12.04 ± 0.73 3.06 ± 0.16 
19-20 0 ± 0 0 ± 0 4.52 ± 0.33 0 ± 0 
20-21 ND ND 11.06 ± 0.69 2.08 ± 0.12 
21-22 ND ND 11.37 ± 0.66 2.39 ± 0.09 
22-23 ND ND 12.17 ± 0.77 3.2 ± 0.2 
23-24 ND ND 7.8 ± 0.49 0 ± 0 
24-25 ND ND 9.3 ± 0.6 0.32 ± 0.04 
25-26 ND ND 8.83 ± 0.55 0 ± 0 
26-27 ND ND 9.29 ± 0.59 0.32 ± 0.02 
27-28 ND ND 8.8 ± 0.56 0 ± 0 
28-29 ND ND 6.02 ± 0.45 0 ± 0 
29-30 ND ND 5.06 ± 0.37 0 ± 0 
30-31 ND ND 15.4 ± 1.1 5.72 ± 0.48 
31-32 ND ND 7.75 ± 0.47 0 ± 0 
32-33 ND ND 7.17 ± 0.46 0 ± 0 
33-34 ND ND 7.81 ± 0.49 0 ± 0 
34-35 ND ND 12.89 ± 0.89 3.33 ± 0.28 
35-36 ND ND 11.41 ± 0.81 1.92 ± 0.2 
36-37 ND ND 16.08 ± 0.99 5.69 ± 0.33 
37-38 ND ND 14.84 ± 0.99 5.19 ± 0.38 
38-39 ND ND 13.98 ± 0.87 4.36 ± 0.26 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 15.64 ± 1.64 3.22 ± 0.38 142.11 ± 9.92 133.33 ± 9.38 
1-2 0 ± 0 3.34 ± 0.38 96.47 ± 5.3 87.69 ± 4.76 
2-3 0 ± 0 4.1 ± 0.42 86.43 ± 4.66 77.66 ± 4.12 
3-4 0 ± 0 5.13 ± 0.28 89.9 ± 5.26 81.13 ± 4.71 
4-5 0 ± 0 2.15 ± 0.26 33.89 ± 1.94 25.11 ± 1.4 
5-6 0 ± 0 2.64 ± 0.15 26.67 ± 1.62 17.9 ± 1.08 
6-7 0 ± 0 4.46 ± 0.25 38.06 ± 2.54 29.28 ± 2 
7-8 0 ± 0 2.2 ± 0.14 27.93 ± 1.74 19.15 ± 1.2 
8-9 0 ± 0 0 ± 0 17.25 ± 1.1 8.48 ± 0.56 
9-10 0 ± 0 0 ± 0 14.96 ± 0.9 6.18 ± 0.36 
10-11 0 ± 0 1.03 ± 0.1 14.59 ± 0.93 5.81 ± 0.39 
11-12 0 ± 0 0 ± 0 16.03 ± 1.01 7.25 ± 0.47 
12-13 0 ± 0 0 ± 0 11.38 ± 0.67 2.6 ± 0.13 
13-14 0 ± 0 0 ± 0 13.37 ± 0.87 4.6 ± 0.33 
14-15 0 ± 0 0 ± 0 11.95 ± 0.75 3.17 ± 0.21 
15-16 0 ± 0 0 ± 0 11.84 ± 0.67 3.06 ± 0.12 
16-17 ND ND 11.99 ± 0.8 3.22 ± 0.26 
17-18 ND ND 12.82 ± 0.83 4.05 ± 0.29 
18-19 ND ND 11.67 ± 0.75 2.89 ± 0.21 
19-20 0 ± 0 0 ± 0 14.18 ± 0.86 5.41 ± 0.32 
20-21 ND ND 12.99 ± 0.84 4.22 ± 0.3 
21-22 ND ND 12.07 ± 0.75 3.29 ± 0.21 
22-23 ND ND 12.65 ± 0.85 3.87 ± 0.31 
23-24 ND ND 10.37 ± 0.71 1.6 ± 0.17 
24-25 ND ND 10.84 ± 0.68 2.06 ± 0.13 
25-26 ND ND 11.13 ± 0.71 2.35 ± 0.17 
26-27 ND ND 8.67 ± 0.56 0 ± 0 
27-28 ND ND 8.94 ± 0.72 0.16 ± 0.18 
28-29 ND ND 8.63 ± 0.52 0 ± 0 
















       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 114.8 ± 8.51 1.64 ± 0.2 ND ND 
1-2 0 ± 0 2.09 ± 0.23 ND ND 
2-3 0 ± 0 3.9 ± 0.52 114.76 ± 6.82 101.45 ± 6.04 
3-4 0 ± 0 5.42 ± 0.38 124.52 ± 8.19 111.21 ± 7.41 
4-5 0 ± 0 3.87 ± 0.45 ND ND 
5-6 0 ± 0 5.45 ± 0.33 102.77 ± 5.45 89.46 ± 4.67 
6-7 0 ± 0 4.12 ± 0.28 107.19 ± 6.44 93.88 ± 5.65 
7-8 0 ± 0 1.09 ± 0.09 95.36 ± 5.83 82.05 ± 5.05 
8-9 0 ± 0 4.04 ± 0.3 72.32 ± 3.87 59.01 ± 3.08 
9-10 0 ± 0 2.21 ± 0.22 ND ND 
10-11 0 ± 0 3.26 ± 0.22 64.65 ± 4.08 51.34 ± 3.3 
11-12 0 ± 0 3.26 ± 0.2 69.81 ± 4.11 56.5 ± 3.33 
12-13 0 ± 0 2.58 ± 0.17 70.85 ± 4.57 57.54 ± 3.79 
13-14 0 ± 0 1.08 ± 0.08 55.66 ± 3.76 42.36 ± 2.97 
14-15 0 ± 0 2.03 ± 0.17 21.61 ± 1.23 8.31 ± 0.44 
15-16 0 ± 0 1.05 ± 0.1 24.95 ± 1.44 11.64 ± 0.66 
16-17 0 ± 0 0 ± 0 16.94 ± 1.13 3.63 ± 0.34 
17-18 0 ± 0 0 ± 0 16.08 ± 0.95 2.77 ± 0.17 
18-19 0 ± 0 0 ± 0 17.24 ± 1.04 3.93 ± 0.26 
19-20 0 ± 0 0 ± 0 10.56 ± 0.65 0 ± 0 
20-21 ND ND 16.24 ± 0.99 2.93 ± 0.21 
21-22 ND ND 15.28 ± 0.85 1.98 ± 0.07 
22-23 ND ND 17.62 ± 1.1 4.31 ± 0.32 
23-24 ND ND 15.96 ± 0.95 2.65 ± 0.17 
24-25 0 ± 0 0 ± 0 8.39 ± 0.57 0 ± 0 
25-26 ND ND 22.24 ± 1.37 8.93 ± 0.59 
26-27 ND ND 14.27 ± 0.94 0.96 ± 0.16 
27-28 ND ND 14.15 ± 0.78 0.84 ± 0 
28-29 ND ND 13.4 ± 0.75 0 ± 0 
29-30 0 ± 0 0 ± 0 13.23 ± 0.75 0 ± 0 
30-31 ND ND 11.06 ± 0.7 0 ± 0 
31-32 ND ND 12.58 ± 0.77 0 ± 0 
32-33 ND ND 14.5 ± 0.83 1.19 ± 0.05 
33-34 ND ND 14.7 ± 0.82 1.39 ± 0.04 










       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 23.4 ± 2.16 0 ± 0 22.98 ± 1.42 14.07 ± 0.79 
1-2 0 ± 0 0 ± 0 19.83 ± 1.23 10.91 ± 0.6 
2-3 0 ± 0 0 ± 0 18.07 ± 1.2 9.15 ± 0.58 
3-4 0 ± 0 0 ± 0 18.86 ± 1.08 9.94 ± 0.45 
4-5 0 ± 0 0.66 ± 0.05 17.98 ± 1 9.07 ± 0.38 
5-6 0 ± 0 0 ± 0 17.06 ± 1.09 8.14 ± 0.46 
6-7 0 ± 0 0 ± 0 15.23 ± 0.96 6.32 ± 0.34 
7-8 0 ± 0 0 ± 0 17.93 ± 1.06 9.02 ± 0.44 
8-9 0 ± 0 0 ± 0 17.62 ± 1.13 8.06 ± 0.39 
9-10 0 ± 0 0 ± 0 18.38 ± 1.13 9.47 ± 0.51 
10-11 0 ± 0 0 ± 0 15.54 ± 0.96 6.63 ± 0.33 
11-12 0 ± 0 0 ± 0 19.66 ± 1.31 10.74 ± 0.69 
12-13 0 ± 0 0 ± 0 ND ND 
13-14 0 ± 0 0 ± 0 13.46 ± 0.86 4.55 ± 0.23 
14-15 0 ± 0 0 ± 0 15.35 ± 0.97 6.44 ± 0.35 
15-16 ND ND 19.1 ± 1.18 10.19 ± 0.56 
16-17 ND ND 17.4 ± 1.05 8.49 ± 0.43 
17-18 ND ND 15.61 ± 0.96 6.69 ± 0.34 
18-19 ND ND 14.62 ± 0.91 5.71 ± 0.28 
19-20 0 ± 0 0 ± 0 12.91 ± 0.76 4 ± 0.14 
20-21 ND ND 11.48 ± 0.81 2.57 ± 0.19 
21-22 ND ND 12.98 ± 0.81 4.07 ± 0.18 
22-23 ND ND 12.49 ± 0.71 3.58 ± 0.09 
23-24 ND ND 11.97 ± 0.68 3.06 ± 0.06 
24-25 ND ND 12.2 ± 0.71 3.29 ± 0.09 
25-26 ND ND 10.24 ± 0.73 1.33 ± 0.11 
26-27 ND ND 11.24 ± 0.73 2.32 ± 0.11 
27-28 ND ND 11.89 ± 0.77 2.98 ± 0.15 
28-29 ND ND 11.8 ± 0.78 2.89 ± 0.15 
29-30 ND ND 12.45 ± 0.8 3.54 ± 0.18 
30-31 ND ND 23.67 ± 1.56 13.67 ± 0.87 
31-32 ND ND 23.84 ± 1.58 13.84 ± 0.88 
32-33 ND ND 22.15 ± 1.43 12.22 ± 0.74 
33-34 ND ND 21.14 ± 1.38 12.23 ± 0.76 
34-35 ND ND 22.18 ± 1.5 12.25 ± 0.81 
35-36 ND ND 24.44 ± 1.65 14.41 ± 0.95 
36-37 ND ND 22.9 ± 1.51 12.94 ± 0.82 
37-38 ND ND 18.92 ± 1.35 10.01 ± 0.72 
38-39 ND ND 20.93 ± 1.42 11.06 ± 0.73 
39-40 ND ND 22.25 ± 1.48 12.32 ± 0.79 
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40-41 ND ND 22.73 ± 1.44 12.78 ± 0.75 
41-42 ND ND 19.65 ± 1.24 9.83 ± 0.57 
42-43 ND ND 18.81 ± 1.15 9.9 ± 0.53 
43-44 ND ND 21.59 ± 1.43 11.69 ± 0.75 
44-45 ND ND 18.87 ± 1.19 9.1 ± 0.51 
45-46 ND ND 24.24 ± 1.61 14.22 ± 0.92 
46-47 ND ND 20.59 ± 1.31 10.73 ± 0.63 
47-48 ND ND 15.75 ± 0.94 6.84 ± 0.32 
48-49 ND ND 18.01 ± 1.08 9.1 ± 0.46 
49-50 ND ND 17.07 ± 1.23 7.38 ± 0.55 
50-52 ND ND 14.33 ± 0.98 4.6 ± 0.31 
52-54 ND ND 13.46 ± 0.87 3.78 ± 0.2 
54-56 ND ND 11.24 ± 0.74 1.68 ± 0.08 
56-58 ND ND 12.53 ± 0.77 2.9 ± 0.11 
58-60 ND ND 11.43 ± 0.79 1.86 ± 0.13 
60-62 ND ND 11.83 ± 0.75 2.25 ± 0.08 
62-64 ND ND 12.14 ± 0.73 2.54 ± 0.06 
64-66 ND ND 10.14 ± 0.6 0 ± 0 
66-68 ND ND 9.08 ± 0.56 0 ± 0 
68-70 ND ND 10.61 ± 0.62 0 ± 0 
70-72 ND ND 10.72 ± 0.72 1.81 ± 0.1 
72-74 ND ND 7.53 ± 0.55 0 ± 0 
74-76 ND ND 9.21 ± 0.62 0.29 ± 0 
76-78 ND ND 10.46 ± 0.71 1.55 ± 0.09 

























       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 5.09 ± 0.61 61.07 ± 3.9 49.92 ± 3.16 
1-2 0 ± 0 3.74 ± 0.52 51.92 ± 3.11 40.76 ± 2.37 
2-3 0 ± 0 2.08 ± 0.27 44.37 ± 3.08 33.21 ± 2.33 
3-4 0 ± 0 7.13 ± 0.42 39.54 ± 2.34 28.39 ± 1.6 
4-5 0 ± 0 3.51 ± 0.25 59.54 ± 3.44 48.38 ± 2.7 
5-6 0 ± 0 2.33 ± 0.18 54.3 ± 2.98 43.14 ± 2.24 
6-7 0 ± 0 3.14 ± 0.21 34.57 ± 2.04 23.41 ± 1.29 
7-8 0 ± 0 2.14 ± 0.2 30.09 ± 1.77 18.94 ± 1.03 
8-9 0 ± 0 2.26 ± 0.16 26.38 ± 1.57 15.23 ± 0.83 
9-10 0 ± 0 1.07 ± 0.11 21.3 ± 1.22 10.15 ± 0.48 
10-11 0 ± 0 3.59 ± 0.26 24.67 ± 1.39 13.51 ± 0.65 
11-12 0 ± 0 2.84 ± 0.17 19.9 ± 1.24 8.74 ± 0.5 
12-13 0 ± 0 3.47 ± 0.24 21.99 ± 1.22 10.83 ± 0.48 
13-14 0 ± 0 3.36 ± 0.22 31.21 ± 2.01 20.05 ± 1.26 
14-15 0 ± 0 3.11 ± 0.18 18.29 ± 1.11 7.13 ± 0.36 
15-16 0 ± 0 3.79 ± 0.22 22.05 ± 1.42 10.89 ± 0.68 
16-17 0 ± 0 1.32 ± 0.08 16.95 ± 0.99 5.8 ± 0.24 
17-18 0 ± 0 1.37 ± 0.1 17.1 ± 1.08 5.94 ± 0.33 
18-19 0 ± 0 2.03 ± 0.14 15.53 ± 0.92 4.37 ± 0.18 
19-20 0 ± 0 1.65 ± 0.15 15.31 ± 0.92 4.16 ± 0.18 
20-21 ND ND 12.46 ± 0.81 1.3 ± 0.06 
21-22 ND ND 12.37 ± 0.81 1.21 ± 0.06 
22-23 ND ND 14.14 ± 0.89 2.99 ± 0.15 
23-24 0 ± 0 1.38 ± 0.09 13.99 ± 0.9 2.84 ± 0.15 
24-25 0 ± 0 2.04 ± 0.12 16.44 ± 0.87 5.29 ± 0.13 
25-26 0 ± 0 3.89 ± 0.25 25.09 ± 1.43 13.93 ± 0.68 
26-27 0 ± 0 24.6 ± 1.36 36.54 ± 2.33 25.38 ± 1.58 
27-28 0 ± 0 9.5 ± 0.5 13.59 ± 0.86 21.41 ± 1.18 
28-29 0 ± 0 3.86 ± 0.28 34.81 ± 1.92 23.65 ± 1.18 
29-30 0 ± 0 0 ± 0 24.65 ± 1.44 13.49 ± 0.7 
30-31 0 ± 0 1.02 ± 0.07 7.25 ± 0.53 0 ± 0 
31-32 0 ± 0 0 ± 0 15.28 ± 1.75 3.43 ± 0.92 
32-33 0 ± 0 0 ± 0 12.82 ± 1.08 1.08 ± 0.28 
33-34 0 ± 0 0 ± 0 11.15 ± 1.02 0 ± 0 
34-35 0 ± 0 0 ± 0 9.69 ± 0.93 0 ± 0 
35-36 ND ND 12.05 ± 0.82 0.35 ± 0.04 
36-37 ND ND 11.3 ± 0.81 0 ± 0 
37-38 ND ND 9.61 ± 0.65 0 ± 0 
38-39 ND ND 9.2 ± 0.89 0 ± 0 
39-40 ND ND 9.59 ± 0.82 0 ± 0 
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40-41 ND ND 5.25 ± 0.49 0 ± 0 
41-42 ND ND 12.22 ± 0.77 0 ± 0 
42-43 ND ND 12.79 ± 0.77 0 ± 0 
43-44 ND ND 11.67 ± 0.93 0 ± 0 
44-45 ND ND 11.21 ± 0.71 0 ± 0 
45-46 ND ND 11.83 ± 0.83 0.13 ± 0.05 
46-47 ND ND 12.04 ± 0.8 0.33 ± 0.02 
47-48 ND ND 4.81 ± 0.44 0 ± 0 
48-49 ND ND 11.79 ± 0.83 0.1 ± 0.04 











































       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 3.62 ± 0.49 77.75 ± 5.33 75.05 ± 4.97 
1-2 0 ± 0 4.58 ± 0.56 83.18 ± 5.07 80.48 ± 4.7 
2-3 0 ± 0 3.66 ± 0.47 88.61 ± 4.99 85.91 ± 4.62 
3-4 0 ± 0 4.26 ± 0.34 79.48 ± 4.52 76.78 ± 4.16 
4-5 0 ± 0 3.77 ± 0.26 82.95 ± 5.36 80.25 ± 5 
5-6 0 ± 0 2.03 ± 0.11 68.41 ± 3.85 65.7 ± 3.48 
6-7 0 ± 0 4.77 ± 0.31 59.9 ± 3.02 57.2 ± 2.65 
7-8 0 ± 0 3.28 ± 0.21 57.66 ± 3.8 54.95 ± 3.43 
8-9 0 ± 0 3.14 ± 0.2 40.26 ± 2.35 37.55 ± 1.98 
9-10 0 ± 0 2.48 ± 0.18 35.4 ± 2.22 32.69 ± 1.86 
10-11 0 ± 0 2.96 ± 0.25 43.25 ± 2.68 40.54 ± 2.31 
11-12 0 ± 0 1.43 ± 0.09 32.22 ± 1.98 29.52 ± 1.62 
12-13 0 ± 0 2.6 ± 0.16 39.34 ± 2.52 36.64 ± 2.15 
13-14 0 ± 0 1.46 ± 0.09 36.67 ± 2.48 33.97 ± 2.11 
14-15 0 ± 0 2.44 ± 0.14 36.07 ± 2.17 33.37 ± 1.81 
15-16 0 ± 0 2.33 ± 0.13 35.49 ± 2.29 32.78 ± 1.92 
16-17 0 ± 0 2.29 ± 0.13 31.37 ± 2.04 28.67 ± 1.68 
17-18 0 ± 0 2.35 ± 0.18 28.1 ± 1.86 25.4 ± 1.5 
18-19 0 ± 0 0 ± 0 22.16 ± 1.28 19.45 ± 0.91 
19-20 0 ± 0 1.46 ± 0.14 21.84 ± 1.36 19.13 ± 1 
20-21 ND ND 19.05 ± 1.2 16.35 ± 0.83 
21-22 ND ND 14.13 ± 0.91 11.42 ± 0.54 
22-23 ND ND 13.62 ± 0.79 10.92 ± 0.43 
23-24 ND ND 9.43 ± 0.61 6.73 ± 0.24 
24-25 0 ± 0 0 ± 0 9.4 ± 0.58 6.69 ± 0.21 
25-26 ND ND 8.81 ± 0.57 6.1 ± 0.21 
26-27 ND ND 8.52 ± 0.56 5.81 ± 0.2 
27-28 ND ND 7.92 ± 0.52 5.21 ± 0.15 
28-29 ND ND 3.32 ± 0.35 0 ± 0 
29-30 0 ± 0 0 ± 0 3.19 ± 0.43 0.34 ± 0.05 
30-31 ND ND 2.86 ± 0.24 0 ± 0 
31-32 ND ND 12.45 ± 0.71 9.18 ± 0.31 
32-33 ND ND 4.45 ± 0.37 0 ± 0 
33-34 ND ND 3.77 ± 0.34 0 ± 0 
34-35 ND ND 3.05 ± 0.28 0 ± 0 
35-36 ND ND 3.38 ± 0.38 0.52 ± 0 
36-37 ND ND 3.53 ± 0.31 0 ± 0 
37-38 ND ND 3.02 ± 0.39 0.18 ± 0.01 
38-39 ND ND 2.64 ± 0.41 0 ± 0 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 1.81 ± 0.21 56.98 ± 3.96 48.37 ± 3.4 
1-2 0 ± 0 3.36 ± 0.32 55.01 ± 3.28 46.4 ± 2.72 
2-3 0 ± 0 4.73 ± 0.32 74.72 ± 4.82 66.1 ± 4.25 
3-4 0 ± 0 4.55 ± 0.32 76.91 ± 5.27 68.29 ± 4.7 
4-5 0 ± 0 3.05 ± 0.26 82.88 ± 5.14 74.26 ± 4.57 
5-6 0 ± 0 4.09 ± 0.27 62.16 ± 3.83 53.54 ± 3.27 
6-7 0 ± 0 3.1 ± 0.18 34.83 ± 2.2 26.21 ± 1.64 
7-8 0 ± 0 7.43 ± 0.45 18.16 ± 0.99 9.55 ± 0.43 
8-9 0 ± 0 9.41 ± 0.71 16.21 ± 1.03 7.59 ± 0.46 
9-10 0 ± 0 2.33 ± 0.15 12.39 ± 0.72 3.77 ± 0.16 
10-11 0 ± 0 1.49 ± 0.11 10.83 ± 0.74 2.21 ± 0.18 
11-12 0 ± 0 1.98 ± 0.12 9.38 ± 0.6 0.77 ± 0.04 
12-13 0 ± 0 7.79 ± 0.5 7.74 ± 0.57 2.55 ± 0.2 
13-14 0 ± 0 2.37 ± 0.2 11.95 ± 0.67 3.34 ± 0.11 
14-15 0 ± 0 1.51 ± 0.1 12.3 ± 0.86 3.68 ± 0.3 
15-16 0 ± 0 1.17 ± 0.1 11.79 ± 0.69 3.17 ± 0.13 
16-17 0 ± 0 0 ± 0 11.52 ± 0.65 2.9 ± 0.09 
17-18 0 ± 0 0 ± 0 13.05 ± 0.78 4.43 ± 0.22 
18-19 0 ± 0 1.55 ± 0.14 14.17 ± 0.98 5.55 ± 0.42 
19-20 0 ± 0 0 ± 0 13.39 ± 0.81 4.77 ± 0.24 
20-21 ND ND 16.18 ± 0.96 7.56 ± 0.4 
21-22 ND ND 12.81 ± 0.8 4.19 ± 0.24 
22-23 ND ND 10.45 ± 0.76 1.83 ± 0.2 
23-24 ND ND 9.74 ± 0.74 1.12 ± 0.18 
24-25 0 ± 0 1.62 ± 0.12 8.83 ± 0.57 0.21 ± 0 
25-26 ND ND 7.74 ± 0.57 0 ± 0 
26-27 ND ND 9.45 ± 0.64 0.84 ± 0.08 
27-28 ND ND 8.65 ± 0.58 0.03 ± 0.02 
28-29 ND ND 9.68 ± 0.61 1.06 ± 0.05 
















       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 5.69 ± 0.47 142.03 ± 8.65 136.12 ± 8.26 
1-2 0 ± 0 7.17 ± 0.38 129.64 ± 8.75 123.72 ± 8.36 
2-3 0 ± 0 4.43 ± 0.29 118.67 ± 7.68 112.75 ± 7.28 
3-4 0 ± 0 8.66 ± 0.52 58.41 ± 4.07 52.49 ± 3.68 
4-5 0 ± 0 4.34 ± 0.26 70.82 ± 3.87 64.9 ± 3.47 
5-6 0 ± 0 5.7 ± 0.33 54.43 ± 3.84 48.51 ± 3.44 
6-7 0 ± 0 7.37 ± 0.64 72.58 ± 4.85 66.67 ± 4.46 
7-8 0 ± 0 3.87 ± 0.26 55.44 ± 3.35 49.52 ± 2.95 
8-9 0 ± 0 7.86 ± 0.48 50.8 ± 3.33 44.88 ± 2.94 
9-10 0 ± 0 4.17 ± 0.25 56.73 ± 4 50.81 ± 3.6 
10-11 0 ± 0 3.51 ± 0.23 36.91 ± 2.36 30.99 ± 1.96 
11-12 0 ± 0 2.43 ± 0.15 43.45 ± 2.82 37.54 ± 2.43 
12-13 0 ± 0 6.77 ± 0.41 23.88 ± 1.32 17.96 ± 0.92 
13-14 0 ± 0 7.58 ± 0.44 16.77 ± 1.08 10.85 ± 0.69 
14-15 0 ± 0 3.86 ± 0.3 28.66 ± 1.95 21.43 ± 1.46 
15-16 0 ± 0 5.6 ± 0.43 43.95 ± 3.23 36.02 ± 2.69 
16-17 0 ± 0 2.3 ± 0.14 23.92 ± 1.81 16.91 ± 1.33 
17-18 0 ± 0 3.38 ± 0.25 16.26 ± 1.16 10.34 ± 0.76 
18-19 0 ± 0 4.03 ± 0.26 21.6 ± 1.38 14.69 ± 0.92 
19-20 0 ± 0 15.29 ± 0.84 20 ± 1.47 14.09 ± 1.07 
20-21 0 ± 0 1.43 ± 0.1 24.27 ± 1.58 17.24 ± 1.11 
21-22 ND 0 ± 0 18.94 ± 1.28 13.02 ± 0.88 
22-23 ND 0 ± 0 12.93 ± 1.06 6.42 ± 0.62 
23-24 ND 0 ± 0 13.97 ± 0.92 7.41 ± 0.48 
24-25 ND 0 ± 0 12.01 ± 0.86 5.54 ± 0.42 
25-26 ND 0 ± 0 13.17 ± 0.89 6.65 ± 0.45 
26-27 ND 0 ± 0 13.03 ± 0.87 6.52 ± 0.43 
27-28 ND 0 ± 0 12.97 ± 0.82 7.05 ± 0.43 
28-29 ND 0 ± 0 11.42 ± 0.9 4.98 ± 0.46 
29-30 ND 0 ± 0 4.45 ± 0.48 0 ± 0 
30-31 ND ND 5.83 ± 0.51 0 ± 0 
31-32 ND ND 3.5 ± 0.26 0 ± 0 
32-33 ND ND 5.92 ± 0.43 0 ± 0 
33-34 ND ND 6.11 ± 0.42 0 ± 0 
34-35 ND ND 7.53 ± 0.53 1.19 ± 0.1 
35-36 ND ND 6.73 ± 0.48 0.43 ± 0.05 
36-37 ND ND 4.42 ± 0.33 0 ± 0 
37-38 ND ND 6.49 ± 0.45 0.21 ± 0.03 
38-39 ND ND 4.54 ± 0.31 0 ± 0 
39-40 ND ND 5.12 ± 0.35 0 ± 0 
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40-41 ND ND 5.47 ± 0.42 0 ± 0 
41-42 ND ND 6.62 ± 0.45 0.32 ± 0.02 
42-43 ND ND 6.47 ± 0.44 0.18 ± 0.01 
43-44 ND ND 6.41 ± 0.44 0.13 ± 0.01 
44-45 ND ND 5.95 ± 0.39 0 ± 0 
45-46 ND ND 5.07 ± 0.34 0 ± 0 
46-47 ND ND 4.7 ± 0.32 0 ± 0 
47-48 ND ND 7.06 ± 0.47 0.74 ± 0.05 
48-49 ND ND 10.31 ± 0.69 3.8 ± 0.25 











































       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 93.79 ± 7.61 3.51 ± 0.4 84.55 ± 5.49 73.44 ± 4.85 
1-2 5.19 ± 0.87 3.87 ± 0.5 70.15 ± 4.63 59.04 ± 3.98 
2-3 0 ± 0 5.47 ± 0.6 88.82 ± 5.41 77.71 ± 4.77 
3-4 0 ± 0 5.14 ± 0.65 94.4 ± 6.93 83.29 ± 6.28 
4-5 0 ± 0 4.31 ± 0.38 83.57 ± 4.14 72.46 ± 3.5 
5-6 0 ± 0 2.92 ± 0.25 73.38 ± 4.23 62.26 ± 3.58 
6-7 0 ± 0 5.48 ± 0.69 71.81 ± 4.45 60.7 ± 3.8 
7-8 0 ± 0 3.26 ± 0.29 64.57 ± 4.72 53.46 ± 4.07 
8-9 0 ± 0 4.16 ± 0.42 57.39 ± 4.57 46.28 ± 3.93 
9-10 0 ± 0 4.65 ± 0.63 60.81 ± 4.87 49.69 ± 4.22 
10-11 0 ± 0 4.33 ± 0.42 67.21 ± 5.61 56.1 ± 4.97 
11-12 0 ± 0 6.04 ± 0.76 53.33 ± 4.03 42.22 ± 3.39 
12-13 0 ± 0 5.02 ± 0.65 64.01 ± 4.97 52.9 ± 4.33 
13-14 0 ± 0 2.02 ± 0.17 50.44 ± 3.44 39.33 ± 2.8 
14-15 0 ± 0 3.19 ± 0.27 53.35 ± 3.44 42.24 ± 2.79 
15-16 0 ± 0 4.75 ± 0.59 43.29 ± 3.22 32.17 ± 2.58 
16-17 0 ± 0 3.86 ± 0.4 56.21 ± 3.19 45.1 ± 2.55 
17-18 0 ± 0 5.28 ± 0.65 50.51 ± 2.44 39.4 ± 1.8 
18-19 0 ± 0 5.11 ± 0.62 41.78 ± 2.89 30.66 ± 2.25 
19-20 0 ± 0 4.67 ± 0.51 46.25 ± 3.48 35.13 ± 2.84 
20-21 0 ± 0 3.41 ± 0.32 41.45 ± 2.83 30.34 ± 2.19 
21-22 0 ± 0 4.27 ± 0.47 51.81 ± 3.63 40.7 ± 2.99 
22-23 0 ± 0 4.87 ± 0.55 45.54 ± 3.18 34.43 ± 2.54 
23-24 0 ± 0 2.62 ± 0.25 58.16 ± 4.43 47.04 ± 3.79 
24-25 0 ± 0 4.81 ± 0.5 39.55 ± 2.33 28.44 ± 1.68 
25-26 0 ± 0 3.42 ± 0.32 42.27 ± 1.73 31.16 ± 1.09 
26-27 0 ± 0 5.04 ± 0.52 35.66 ± 2.44 24.55 ± 1.8 
27-28 0 ± 0 4.95 ± 0.55 41.71 ± 2.4 30.6 ± 1.76 
28-29 0 ± 0 4.64 ± 0.34 54.32 ± 3.08 43.21 ± 2.44 
29-30 0 ± 0 5.56 ± 0.63 32.82 ± 2.17 21.7 ± 1.53 
30-31 0 ± 0 4.28 ± 0.44 31.38 ± 2.17 20.27 ± 1.53 
31-32 0 ± 0 7.03 ± 0.9 31.67 ± 2.2 20.56 ± 1.56 
32-33 0 ± 0 2.69 ± 0.2 25.91 ± 1.53 14.8 ± 0.89 
33-34 0 ± 0 3.57 ± 0.4 28.95 ± 1.63 17.84 ± 0.99 
34-35 0 ± 0 3.67 ± 0.35 26.93 ± 1.57 15.82 ± 0.92 
35-36 0 ± 0 3.11 ± 0.36 26.81 ± 1.46 15.69 ± 0.82 
36-37 0 ± 0 1.02 ± 0.08 24.7 ± 1.44 13.59 ± 0.8 
37-38 0 ± 0 1.09 ± 0.11 21.49 ± 1.29 10.38 ± 0.64 
38-39 0 ± 0 1.26 ± 0.14 20.38 ± 1.22 9.27 ± 0.58 
39-40 0 ± 0 1.56 ± 0.2 18.86 ± 1.1 7.75 ± 0.45 
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40-41 0 ± 0 0 ± 0 18.07 ± 1.02 6.96 ± 0.38 
41-42 0 ± 0 0 ± 0 17.66 ± 1.05 6.54 ± 0.4 
42-43 0 ± 0 0 ± 0 13.04 ± 0.72 1.93 ± 0.08 
43-44 0 ± 0 0 ± 0 11.56 ± 0.68 0.45 ± 0.04 
44-45 ND ND 10.62 ± 0.69 0 ± 0 
45-46 ND ND 11.66 ± 0.68 0.55 ± 0.03 
46-47 ND ND 10.93 ± 0.68 0 ± 0 
47-48 ND ND 10.01 ± 0.62 0 ± 0 
48-49 ND ND 11.53 ± 0.66 0.41 ± 0.02 
49-50 ND ND 11.8 ± 0.65 0.68 ± 0.01 
50-52 ND ND 7.92 ± 0.54 0 ± 0 
52-54 ND ND 7.59 ± 0.48 0 ± 0 
54-56 ND ND 6.62 ± 0.47 0 ± 0 
56-58 ND ND 5.03 ± 0.35 0 ± 0 
58-60 ND ND 9.24 ± 0.63 0 ± 0 
60-62 ND ND 7.18 ± 0.49 0 ± 0 
62-64 ND ND 7.51 ± 0.54 0 ± 0 
64-66 ND ND 7.76 ± 0.51 0 ± 0 
66-68 ND ND 9.13 ± 0.66 0 ± 0 































       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 55.11 ± 4.64 2.52 ± 0.21 82.97 ± 5.21 72.3 ± 4.5 
1-2 0 ± 0 5.55 ± 0.63 61.68 ± 3.83 51.87 ± 3.18 
2-3 0 ± 0 2.79 ± 0.21 72.67 ± 4.56 62.42 ± 3.88 
3-4 ND 2.37 ± 0.2 88.14 ± 6.37 77.26 ± 5.61 
4-5 ND 3.67 ± 0.25 86.51 ± 5.16 75.69 ± 4.45 
5-6 ND 5.21 ± 0.44 76.26 ± 4.18 65.86 ± 3.51 
6-7 ND 2.12 ± 0.11 50.72 ± 3.04 41.36 ± 2.41 
7-8 ND 1.91 ± 0.16 30.68 ± 1.86 22.14 ± 1.29 
8-9 ND 1.76 ± 0.18 28.61 ± 1.96 20.15 ± 1.38 
9-10 ND 0 ± 0 14.5 ± 0.94 6.61 ± 0.41 
10-11 ND 0 ± 0 12.41 ± 0.74 4.54 ± 0.21 
11-12 ND 0 ± 0 13.37 ± 0.73 5.46 ± 0.2 
12-13 ND 2.16 ± 0.17 12.36 ± 0.75 4.49 ± 0.21 
13-14 ND 1.73 ± 0.15 14.33 ± 0.87 6.37 ± 0.33 
14-15 ND 1.05 ± 0.08 9.58 ± 0.63 1.84 ± 0.1 
15-16 ND 0 ± 0 8.58 ± 0.51 0 ± 0 
16-17 ND 0 ± 0 9.5 ± 0.63 1.76 ± 0.11 
17-18 ND 0 ± 0 7.18 ± 0.92 0 ± 0 
18-19 ND 0 ± 0 9.96 ± 0.64 2.2 ± 0.11 
19-20 ND 0 ± 0 10.92 ± 0.69 3.12 ± 0.16 
20-21 ND ND 9.02 ± 0.62 1.31 ± 0.09 
21-22 ND ND 7.97 ± 0.43 0 ± 0 
22-23 ND ND 8.19 ± 0.54 0.51 ± 0.02 
23-24 ND ND 8.74 ± 0.69 1.04 ± 0.16 
24-25 ND 0 ± 0 7.79 ± 0.5 0 ± 0 
25-26 ND ND 6.59 ± 0.42 0 ± 0 
26-27 ND ND 7.49 ± 0.48 0 ± 0 
27-28 ND ND 3.48 ± 0.23 0 ± 0 
28-29 ND ND 7.57 ± 0.51 0 ± 0 
















       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 11.57 ± 0.74 6.12 ± 0.74 79.8 ± 6.13 78.6 ± 5.75 
1-2 0 ± 0 3.42 ± 0.42 81.2 ± 5.38 80 ± 5 
2-3 0 ± 0 3.46 ± 0.21 82.81 ± 6.28 81.61 ± 5.9 
3-4 0 ± 0 3.6 ± 0.2 70.31 ± 4.33 69.11 ± 3.95 
4-5 0 ± 0 3.52 ± 0.24 86.53 ± 5.58 85.33 ± 5.2 
5-6 0 ± 0 2.87 ± 0.17 84.21 ± 5.41 83.01 ± 5.03 
6-7 0 ± 0 5.34 ± 0.35 75.65 ± 4.81 74.45 ± 4.43 
7-8 0 ± 0 3.7 ± 0.24 68.17 ± 4.87 66.97 ± 4.49 
8-9 0 ± 0 4.44 ± 0.29 66.44 ± 4.73 65.24 ± 4.35 
9-10 0 ± 0 3.35 ± 0.24 52.41 ± 3.55 51.21 ± 3.17 
10-11 0 ± 0 0 ± 0 27.78 ± 2.01 26.58 ± 1.63 
11-12 0 ± 0 1.27 ± 0.11 18.12 ± 1.23 16.91 ± 0.85 
12-13 0 ± 0 1.19 ± 0.07 27.68 ± 1.91 26.48 ± 1.53 
13-14 0 ± 0 0 ± 0 19.19 ± 1.23 17.99 ± 0.85 
14-15 0 ± 0 1.65 ± 0.11 34.13 ± 2.3 31.36 ± 1.81 
15-16 0 ± 0 1.34 ± 0.1 24.27 ± 1.52 21.96 ± 1.07 
16-17 0 ± 0 1.06 ± 0.06 20.35 ± 1.72 18.22 ± 1.26 
17-18 0 ± 0 0 ± 0 21.66 ± 1.64 20.45 ± 1.26 
18-19 0 ± 0 1.5 ± 0.13 33.1 ± 2.46 30.39 ± 1.97 
19-20 0 ± 0 4.57 ± 0.41 22.43 ± 1.44 20.2 ± 1 
20-21 ND ND 18.76 ± 1.15 16.7 ± 0.72 
21-22 ND ND 29.6 ± 2.04 27.04 ± 1.56 
22-23 ND ND 24 ± 1.68 21.7 ± 1.22 
23-24 ND ND 4.39 ± 0.41 2.96 ± 0.01 
24-25 0 ± 0 0 ± 0 3.75 ± 0.32 0 ± 0 
25-26 ND ND 1.82 ± 0.29 0 ± 0 
26-27 ND ND 3.49 ± 0.3 0 ± 0 
27-28 ND ND 3.23 ± 0.44 1.88 ± 0.04 
28-29 ND ND 3.17 ± 0.28 0 ± 0 
29-30 ND ND 1.86 ± 0.31 0 ± 0 
30-31 ND ND 2.23 ± 0.28 0 ± 0 
31-32 ND ND 1.65 ± 0.29 0 ± 0 
32-33 ND ND 1.58 ± 0.32 0 ± 0 
33-34 ND ND 1.68 ± 0.46 0.39 ± 0.06 
34-35 ND ND 1.34 ± 0.37 0 ± 0 
35-36 ND ND 0.75 ± 0.35 0 ± 0 
36-37 ND ND 1.7 ± 0.48 0.41 ± 0.07 
37-38 ND ND 14.17 ± 1.06 12.96 ± 0.68 
38-39 ND ND 13.04 ± 0.94 11.84 ± 0.56 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 13.4 ± 1 3.15 ± 0.3 21.11 ± 1.7 18.9 ± 1.35 
1-2 0 ± 0 2.19 ± 0.29 16.79 ± 1.4 14.78 ± 1.06 
2-3 0 ± 0 4.03 ± 0.23 21.66 ± 1.65 19.42 ± 1.3 
3-4 0 ± 0 2.65 ± 0.16 17.05 ± 1.29 15.02 ± 0.96 
4-5 0 ± 0 4.23 ± 0.25 15.07 ± 1.06 13.14 ± 0.74 
5-6 0 ± 0 2.19 ± 0.12 18.03 ± 1.31 15.96 ± 0.98 
6-7 0 ± 0 5.24 ± 0.44 16.47 ± 1.28 14.37 ± 0.94 
7-8 0 ± 0 3.71 ± 0.22 21.51 ± 1.92 19.14 ± 1.55 
8-9 0 ± 0 2.73 ± 0.21 14.44 ± 1.24 12.44 ± 0.9 
9-10 0 ± 0 1.48 ± 0.09 11.48 ± 0.78 9.63 ± 0.47 
10-11 0 ± 0 2.32 ± 0.15 29.04 ± 2.71 26.46 ± 2.31 
11-12 0 ± 0 1.81 ± 0.13 15.78 ± 1.04 13.81 ± 0.72 
12-13 0 ± 0 0 ± 0 11.01 ± 1.29 9.26 ± 0.96 
13-14 0 ± 0 1.33 ± 0.14 9.15 ± 1.08 7.48 ± 0.75 
14-15 0 ± 0 1.33 ± 0.09 7.74 ± 0.78 6.14 ± 0.47 
15-16 0 ± 0 0 ± 0 6.97 ± 0.62 5.4 ± 0.32 
16-17 0 ± 0 0 ± 0 5.87 ± 0.75 4.35 ± 0.44 
17-18 0 ± 0 0 ± 0 6.69 ± 0.67 5.44 ± 0.39 
18-19 ND ND 9.29 ± 0.87 7.62 ± 0.56 
19-20 0 ± 0 2.85 ± 0.2 4.55 ± 0.41 3.1 ± 0.12 
20-21 ND ND 3.21 ± 0.45 1.79 ± 0.15 
21-22 ND ND ND ND 
22-23 ND ND 2.29 ± 0.27 0 ± 0 
23-24 ND ND 2.15 ± 0.3 0.78 ± 0.01 
24-25 0 ± 0 0 ± 0 ND ND 
25-26 ND ND 0.98 ± 0.25 0 ± 0 
26-27 ND ND 1.42 ± 0.35 0.17 ± 0.07 
27-28 ND ND 1.36 ± 0.23 0 ± 0 
28-29 ND ND 2.01 ± 0.21 0 ± 0 
29-30 ND ND 1.95 ± 0.43 0.6 ± 0.13 
30-31 ND ND 5.66 ± 0.65 4.12 ± 0.35 
31-32 ND ND 5.68 ± 0.51 4.13 ± 0.21 
32-33 ND ND 4.76 ± 0.62 3.26 ± 0.31 
33-34 ND ND 7.44 ± 0.61 5.8 ± 0.3 
34-35 ND ND 6.43 ± 0.48 4.84 ± 0.18 
35-36 ND ND 12.31 ± 0.9 10.42 ± 0.58 
36-37 ND ND 8.03 ± 0.57 6.37 ± 0.27 
37-38 ND ND 6.55 ± 0.52 4.96 ± 0.22 
38-39 ND ND 4.58 ± 0.59 3.09 ± 0.28 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 12.58 ± 0.92 2.91 ± 0.22 30.66 ± 2.6 21.95 ± 1.95 
1-2 0 ± 0 2.04 ± 0.16 32.66 ± 2.44 23.85 ± 1.8 
2-3 0 ± 0 1.62 ± 0.12 25.46 ± 2.09 17.02 ± 1.47 
3-4 0 ± 0 2.35 ± 0.16 23.13 ± 1.69 14.81 ± 1.08 
4-5 0 ± 0 3.44 ± 0.24 22.28 ± 1.83 14.01 ± 1.22 
5-6 0 ± 0 1.85 ± 0.13 19.36 ± 1.38 11.24 ± 0.79 
6-7 0 ± 0 1.56 ± 0.09 16.4 ± 1.23 8.44 ± 0.65 
7-8 0 ± 0 3.13 ± 0.21 23.08 ± 1.84 14.77 ± 1.23 
8-9 0 ± 0 3.19 ± 0.23 41.69 ± 2.69 34.58 ± 2.17 
9-10 0 ± 0 2.76 ± 0.19 34.64 ± 2.35 27.53 ± 1.83 
10-11 0 ± 0 2.59 ± 0.17 8.58 ± 0.66 1.02 ± 0.11 
11-12 0 ± 0 1.15 ± 0.08 8.52 ± 0.62 0.96 ± 0.07 
12-13 0 ± 0 2.3 ± 0.16 6.6 ± 0.68 0 ± 0 
13-14 0 ± 0 2.4 ± 0.15 7.94 ± 0.59 0.83 ± 0.07 
14-15 0 ± 0 1.53 ± 0.11 6.57 ± 0.66 0 ± 0 
15-16 0 ± 0 1.94 ± 0.14 8.28 ± 0.76 0.74 ± 0.2 
16-17 0 ± 0 1.72 ± 0.15 7.16 ± 0.56 0 ± 0 
17-18 0 ± 0 4.36 ± 0.3 8.33 ± 0.59 0.78 ± 0.04 
18-19 0 ± 0 1.93 ± 0.15 7.53 ± 0.54 0.03 ± 0 
19-20 0 ± 0 2.8 ± 0.18 8.26 ± 0.72 0.71 ± 0.17 
20-21 ND ND 4.8 ± 0.33 0 ± 0 
21-22 ND ND 2.13 ± 0.15 0 ± 0 
22-23 ND ND 5.59 ± 0.4 0 ± 0 
23-24 ND ND 6.98 ± 0.45 0 ± 0 
24-25 0 ± 0 0 ± 0 8.73 ± 0.64 1.16 ± 0.09 
25-26 ND ND 6.44 ± 0.45 0 ± 0 
26-27 ND ND 6.09 ± 0.44 0 ± 0 
27-28 ND ND 7.58 ± 0.56 0.07 ± 0.01 
28-29 ND ND 7.82 ± 0.54 0 ± 0 
29-30 0 ± 0 0 ± 0 7.12 ± 0.54 0 ± 0 
30-31 ND ND 13.4 ± 0.95 6.29 ± 0.43 
31-32 ND ND 8.9 ± 0.62 1.78 ± 0.11 
32-33 ND ND 13.34 ± 1.1 6.23 ± 0.58 
33-34 ND ND 12.24 ± 0.82 5.12 ± 0.31 
34-35 ND ND 11.14 ± 0.8 4.03 ± 0.28 
35-36 ND ND 10.03 ± 0.75 2.91 ± 0.23 
36-37 ND ND 16.18 ± 1.09 9.06 ± 0.58 
37-38 ND ND 16.43 ± 1.21 9.32 ± 0.7 
38-39 ND ND 12.62 ± 0.94 5.51 ± 0.42 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 0 ± 0 22.82 ± 1.71 21.95 ± 1.95 
1-2 0 ± 0 0 ± 0 19.69 ± 1.48 23.85 ± 1.8 
2-3 0 ± 0 0 ± 0 20.02 ± 1.72 17.02 ± 1.47 
3-4 0 ± 0 0 ± 0 17.44 ± 1.4 14.81 ± 1.08 
4-5 0 ± 0 5.1 ± 0.37 16.67 ± 1.22 14.01 ± 1.22 
5-6 0 ± 0 2.32 ± 0.17 18.72 ± 1.37 11.24 ± 0.79 
6-7 0 ± 0 0 ± 0 16.21 ± 1.25 8.44 ± 0.65 
7-8 0 ± 0 1.95 ± 0.16 14.88 ± 1.16 14.77 ± 1.23 
8-9 0 ± 0 0 ± 0 20.44 ± 1.47 34.58 ± 2.17 
9-10 0 ± 0 1.44 ± 0.1 9.65 ± 0.79 27.53 ± 1.83 
10-11 0 ± 0 0 ± 0 9.92 ± 0.77 1.02 ± 0.11 
11-12 0 ± 0 0 ± 0 6.8 ± 0.56 0.96 ± 0.07 
12-13 0 ± 0 0 ± 0 5.2 ± 0.41 0 ± 0 
13-14 0 ± 0 0 ± 0 6.18 ± 0.49 0.83 ± 0.07 
14-15 0 ± 0 0 ± 0 4.71 ± 0.49 0 ± 0 
15-16 0 ± 0 1.2 ± 0.09 4.78 ± 0.36 0.74 ± 0.2 
16-17 0 ± 0 0 ± 0 4.53 ± 0.44 0 ± 0 
17-18 0 ± 0 1.3 ± 0.09 3.52 ± 0.35 0.78 ± 0.04 
18-19 0 ± 0 1.16 ± 0.09 4.36 ± 0.42 0.03 ± 0 
19-20 0 ± 0 0 ± 0 11.37 ± 0.76 0.71 ± 0.17 
20-21 0 ± 0 0 ± 0 11.11 ± 0.76 0 ± 0 
21-22 0 ± 0 1.74 ± 0.15 12.9 ± 0.87 0 ± 0 
22-23 0 ± 0 0 ± 0 14.68 ± 1.03 0 ± 0 
23-24 0 ± 0 0 ± 0 15.17 ± 1.12 0 ± 0 
24-25 0 ± 0 1.38 ± 0.09 19 ± 1.39 1.16 ± 0.09 
25-26 0 ± 0 3.88 ± 0.26 21.3 ± 1.61 0 ± 0 
26-27 0 ± 0 1.74 ± 0.1 14.55 ± 1 0 ± 0 
27-28 0 ± 0 3.36 ± 0.22 17.03 ± 1.22 0.07 ± 0.01 
28-29 0 ± 0 2.32 ± 0.15 18.8 ± 1.3 0 ± 0 
29-30 0 ± 0 1.56 ± 0.13 14.87 ± 0.96 0 ± 0 
30-31 0 ± 0 0 ± 0 7.12 ± 0.44 6.29 ± 0.43 
31-32 0 ± 0 0 ± 0 8.09 ± 0.54 1.78 ± 0.11 
32-33 0 ± 0 0 ± 0 10.33 ± 0.71 6.23 ± 0.58 
33-34 0 ± 0 0 ± 0 10.31 ± 0.72 5.12 ± 0.31 
34-35 0 ± 0 0 ± 0 9.44 ± 0.64 4.03 ± 0.28 
35-36 ND ND 11.95 ± 0.94 2.91 ± 0.23 
36-37 ND ND 10.61 ± 0.72 9.06 ± 0.58 
37-38 ND ND 7.6 ± 0.53 9.32 ± 0.7 
38-39 ND ND 8.71 ± 0.57 5.51 ± 0.42 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 0 ± 0 23.54 ± 1.56 11.9 ± 0.74 
1-2 0 ± 0 1.37 ± 0.16 17.94 ± 1.24 6.63 ± 0.44 
2-3 0 ± 0 1.31 ± 0.09 28.78 ± 2.19 16.84 ± 1.34 
3-4 0 ± 0 1.71 ± 0.12 25.11 ± 1.89 13.38 ± 1.05 
4-5 0 ± 0 2.81 ± 0.17 28.33 ± 2.25 16.41 ± 1.39 
5-6 0 ± 0 2.21 ± 0.13 25.24 ± 1.42 13.5 ± 0.61 
6-7 0 ± 0 3.9 ± 0.27 43.08 ± 2.69 30.33 ± 1.81 
7-8 0 ± 0 4.32 ± 0.29 48.59 ± 3.28 35.52 ± 2.36 
8-9 0 ± 0 4.25 ± 0.28 50.48 ± 3.62 37.3 ± 2.68 
9-10 0 ± 0 3.17 ± 0.21 23.6 ± 1.25 11.96 ± 0.45 
10-11 0 ± 0 0 ± 0 8.58 ± 0.59 0 ± 0 
11-12 0 ± 0 1.91 ± 0.12 10.5 ± 0.69 0 ± 0 
12-13 0 ± 0 2.99 ± 0.18 10.02 ± 0.69 0 ± 0 
13-14 0 ± 0 3.99 ± 0.23 12.02 ± 0.76 0 ± 0 
14-15 0 ± 0 1 ± 0.06 8.85 ± 0.6 0 ± 0 
15-16 0 ± 0 3.93 ± 0.26 10.17 ± 0.7 0 ± 0 
16-17 0 ± 0 3.58 ± 0.23 9.22 ± 0.62 0 ± 0 
17-18 0 ± 0 0 ± 0 9.3 ± 0.63 0 ± 0 
18-19 0 ± 0 2.86 ± 0.19 8.88 ± 0.66 0 ± 0 
19-20 0 ± 0 3.39 ± 0.21 6.89 ± 0.49 0 ± 0 
20-21 0 ± 0 4.2 ± 0.25 14.76 ± 1.05 3.63 ± 0.26 
21-22 0 ± 0 2.45 ± 0.15 17.41 ± 1.19 6.12 ± 0.39 
22-23 0 ± 0 7.03 ± 0.46 12.69 ± 0.93 1.67 ± 0.15 
23-24 0 ± 0 2.18 ± 0.14 11.75 ± 0.84 0.78 ± 0.06 
24-25 0 ± 0 2.09 ± 0.15 8.04 ± 0.53 0 ± 0 
25-26 0 ± 0 2.64 ± 0.19 15.87 ± 1.14 4.67 ± 0.34 
26-27 0 ± 0 1.93 ± 0.11 9.29 ± 0.63 0 ± 0 
27-28 0 ± 0 1.72 ± 0.11 8.46 ± 0.55 0 ± 0 
28-29 0 ± 0 0 ± 0 9.42 ± 0.63 0 ± 0 
29-30 0 ± 0 0 ± 0 9.08 ± 0.62 0 ± 0 
30-31 ND ND 12.23 ± 0.86 1.93 ± 0.13 
31-32 ND ND 12.22 ± 0.8 1.92 ± 0.07 
32-33 ND ND 10.44 ± 0.7 0 ± 0 
33-34 ND ND 11.94 ± 0.87 1.64 ± 0.13 
34-35 0 ± 0 0 ± 0 10.74 ± 0.77 0.45 ± 0.04 
35-36 ND ND 8.2 ± 0.56 0 ± 0 
36-37 ND ND 8.62 ± 0.65 0 ± 0 
37-38 ND ND 9.34 ± 0.64 0 ± 0 
38-39 ND ND ND ND 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 1.96 ± 0.13 21.31 ± 1.43 13.78 ± 0.92 
1-2 0 ± 0 1.17 ± 0.08 14.83 ± 0.96 7.67 ± 0.48 
2-3 0 ± 0 5.22 ± 0.32 26.06 ± 1.9 18.27 ± 1.36 
3-4 0 ± 0 3.07 ± 0.18 34.9 ± 2.67 26.62 ± 2.09 
4-5 0 ± 0 2.09 ± 0.18 17.58 ± 1.1 10.27 ± 0.62 
5-6 0 ± 0 2.86 ± 0.19 21.34 ± 1.57 13.81 ± 1.05 
6-7 0 ± 0 1.14 ± 0.07 15.58 ± 1.05 8.37 ± 0.57 
7-8 0 ± 0 1.97 ± 0.15 13.63 ± 0.94 6.54 ± 0.46 
8-9 0 ± 0 2.28 ± 0.17 14.55 ± 1 7.41 ± 0.52 
9-10 0 ± 0 5.17 ± 0.34 15.67 ± 1.05 8.46 ± 0.56 
10-11 0 ± 0 2.72 ± 0.2 15.93 ± 1.22 8.69 ± 0.73 
11-12 0 ± 0 1.38 ± 0.08 10.47 ± 0.78 3.54 ± 0.31 
12-13 0 ± 0 3.38 ± 0.22 12.87 ± 0.97 5.81 ± 0.48 
13-14 0 ± 0 2.34 ± 0.17 10.98 ± 0.71 4.02 ± 0.25 
14-15 0 ± 0 2.55 ± 0.16 10.61 ± 0.75 3.67 ± 0.28 
15-16 0 ± 0 1.34 ± 0.1 10.29 ± 0.68 3.37 ± 0.22 
16-17 0 ± 0 0 ± 0 7.86 ± 0.54 1.08 ± 0.08 
17-18 0 ± 0 0 ± 0 5.99 ± 0.39 0 ± 0 
18-19 0 ± 0 0 ± 0 7.65 ± 0.55 0.88 ± 0.09 
19-20 0 ± 0 0 ± 0 7.27 ± 0.48 0.52 ± 0.03 
20-21 ND ND 8.53 ± 0.64 1.71 ± 0.17 
21-22 ND ND 8.37 ± 0.56 1.56 ± 0.1 
22-23 ND ND 7.31 ± 0.48 0.56 ± 0.02 
23-24 ND ND 6.97 ± 0.48 0.24 ± 0.03 
24-25 0 ± 0 0 ± 0 6.25 ± 0.43 0 ± 0 
25-26 ND ND 6.22 ± 0.43 0 ± 0 
26-27 ND ND 7.41 ± 0.47 0.65 ± 0.01 
27-28 ND ND 5.64 ± 0.42 0 ± 0 
28-29 ND ND 8.25 ± 0.56 1.44 ± 0.1 
29-30 ND ND 5.58 ± 0.41 0 ± 0 
30-31 ND ND 9.77 ± 0.62 3.44 ± 0.2 
31-32 ND ND 8.64 ± 0.57 2.31 ± 0.15 
32-33 ND ND 8.42 ± 0.59 2.09 ± 0.17 
33-34 ND ND 9.2 ± 0.65 2.87 ± 0.22 
34-35 ND ND 8.93 ± 0.58 2.6 ± 0.15 
35-36 ND ND 9.63 ± 0.66 3.3 ± 0.24 
36-37 ND ND 6.52 ± 0.45 0.19 ± 0.02 
37-38 ND ND 6.94 ± 0.45 0.61 ± 0.03 
38-39 ND ND 9.4 ± 0.65 3.07 ± 0.22 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 2.52 ± 0.31 40.33 ± 3.06 29.78 ± 2.3 
1-2 0 ± 0 1.55 ± 0.18 22.76 ± 1.7 13.22 ± 1.02 
2-3 0 ± 0 1.27 ± 0.07 29.22 ± 2.29 20.98 ± 1.71 
3-4 0 ± 0 1.36 ± 0.1 26.34 ± 1.89 16.6 ± 1.2 
4-5 0 ± 0 1.87 ± 0.16 18.69 ± 1.47 10.45 ± 0.88 
5-6 0 ± 0 1.15 ± 0.1 15.64 ± 1.18 7.4 ± 0.6 
6-7 0 ± 0 0 ± 0 9.93 ± 0.68 1.69 ± 0.1 
7-8 0 ± 0 0 ± 0 8.81 ± 0.68 0.57 ± 0.1 
8-9 0 ± 0 1.32 ± 0.1 10.48 ± 0.7 2.24 ± 0.12 
9-10 0 ± 0 1.58 ± 0.12 10.13 ± 0.72 1.89 ± 0.14 
10-11 ND ND 11.35 ± 0.74 3.11 ± 0.16 
11-12 ND ND 8.44 ± 0.58 0 ± 0 
12-13 ND ND 6.44 ± 0.51 0 ± 0 
13-14 ND ND 6.58 ± 0.44 0 ± 0 
14-15 0 ± 0 0 ± 0 7.96 ± 0.52 0 ± 0 
15-16 ND ND 8.5 ± 0.55 0 ± 0 
16-17 ND ND 8.86 ± 0.62 0.62 ± 0.04 
17-18 ND ND 8.34 ± 0.57 0 ± 0 
18-19 ND ND 8.54 ± 0.58 0.3 ± 0 
19-20 0 ± 0 0 ± 0 8.16 ± 0.55 0 ± 0 
20-21 ND ND 9.73 ± 0.62 1.49 ± 0.03 
21-22 ND ND 10.7 ± 0.68 2.46 ± 0.1 
22-23 ND ND 6.14 ± 0.4 0 ± 0 
23-24 ND ND 4.69 ± 0.31 0 ± 0 
24-25 0 ± 0 0 ± 0 7.22 ± 0.52 0 ± 0 
25-26 ND ND 6.46 ± 0.43 0 ± 0 
26-27 ND ND 4.81 ± 0.33 0 ± 0 
27-28 ND ND 5.11 ± 0.35 0 ± 0 
28-29 ND ND 10 ± 0.76 1.76 ± 0.18 
29-30 ND ND 7.82 ± 0.58 0 ± 0 
30-31 ND ND 8.97 ± 0.58 0 ± 0 
31-32 ND ND 8.25 ± 0.63 0.01 ± 0.05 
32-33 ND ND 6.62 ± 0.45 0 ± 0 
33-34 ND ND 8.54 ± 0.59 0.3 ± 0.01 
34-35 ND ND 8.01 ± 0.58 0 ± 0 
35-36 ND ND 8.06 ± 0.56 0 ± 0 
36-37 ND ND 9.11 ± 0.7 0.87 ± 0.11 
37-38 ND ND 8.67 ± 0.63 0.43 ± 0.05 
38-39 ND ND 7.01 ± 0.51 0 ± 0 




       Interval               7Be                  137Cs                    210Pbtotal                  210Pbxs 
         (cm)               (Bq/kg)             (Bq/kg)                  (Bq/kg)                  (Bq/kg) 
0-1 0 ± 0 2.39 ± 0.14 83.16 ± 4.3 73.01 ± 3.67 
1-2 0 ± 0 1.2 ± 0.08 49.49 ± 2.79 39.34 ± 2.16 
2-3 0 ± 0 1.33 ± 0.08 89.82 ± 4.75 79.66 ± 4.12 
3-4 0 ± 0 3 ± 0.22 86.52 ± 4.08 76.37 ± 3.45 
4-5 0 ± 0 3.46 ± 0.3 58.41 ± 3.24 48.26 ± 2.61 
5-6 0 ± 0 3.46 ± 0.21 40.34 ± 2.39 30.19 ± 1.76 
6-7 0 ± 0 3.85 ± 0.23 45.3 ± 2.9 35.15 ± 2.27 
7-8 0 ± 0 4 ± 0.22 26.24 ± 1.48 16.09 ± 0.85 
8-9 0 ± 0 6.07 ± 0.46 23.71 ± 1.5 13.56 ± 0.87 
9-10 0 ± 0 8.86 ± 0.58 21.39 ± 1.28 11.24 ± 0.65 
10-11 0 ± 0 5.05 ± 0.35 18.66 ± 1.16 8.51 ± 0.53 
11-12 0 ± 0 3.68 ± 0.24 13.6 ± 0.84 3.45 ± 0.21 
12-13 0 ± 0 0 ± 0 11.09 ± 0.66 0.94 ± 0.03 
13-14 0 ± 0 3.61 ± 0.23 9.4 ± 0.56 0 ± 0 
14-15 0 ± 0 1.59 ± 0.12 11.15 ± 0.69 0.99 ± 0.06 
15-16 0 ± 0 2.13 ± 0.18 10.1 ± 0.62 0 ± 0 
16-17 0 ± 0 0 ± 0 9.2 ± 0.58 0 ± 0 
17-18 0 ± 0 0 ± 0 8.09 ± 0.55 0 ± 0 
18-19 0 ± 0 0 ± 0 9.23 ± 0.57 0 ± 0 
19-20 0 ± 0 0 ± 0 9.15 ± 0.6 0 ± 0 
20-21 ND ND 14.06 ± 0.86 3.91 ± 0.23 
21-22 ND ND 12.28 ± 0.77 2.13 ± 0.14 
22-23 ND ND 17.09 ± 1.08 6.94 ± 0.45 
23-24 ND ND 12.5 ± 0.79 2.35 ± 0.16 
24-25 ND ND 17.82 ± 1.04 7.67 ± 0.41 
25-26 ND ND 13.18 ± 0.83 3.03 ± 0.2 
26-27 ND ND 16.13 ± 1.01 5.98 ± 0.38 
27-28 ND ND 16.93 ± 1.07 6.78 ± 0.44 
28-29 ND ND 22.64 ± 1.32 12.49 ± 0.69 
29-30 ND ND 20.14 ± 1.14 9.99 ± 0.51 
30-31 ND ND 32.04 ± 1.98 21.89 ± 1.35 
31-32 ND ND 29.85 ± 1.66 19.7 ± 1.03 
32-33 ND ND 29.94 ± 1.64 19.79 ± 1.01 
33-34 ND ND 25.9 ± 1.41 15.75 ± 0.78 
34-35 ND ND 27.91 ± 1.58 17.76 ± 0.95 
35-36 ND ND 24.66 ± 1.5 14.5 ± 0.87 
36-37 ND ND 29.19 ± 1.9 19.03 ± 1.27 
37-38 ND ND 30.25 ± 1.56 20.1 ± 0.93 
38-39 ND ND 28.02 ± 1.53 17.86 ± 0.9 
39-40 ND ND 25.75 ± 1.36 15.6 ± 0.73 
184 
 
40-41 ND ND 45.38 ± 3.21 35.23 ± 2.57 
41-42 ND ND 30.27 ± 1.99 20.12 ± 1.36 
42-43 ND ND 28.56 ± 1.92 18.4 ± 1.29 
43-44 ND ND 33.65 ± 2.13 23.5 ± 1.5 
44-45 ND ND 24.57 ± 1.8 14.42 ± 1.17 
45-46 ND ND 33.29 ± 2.14 23.14 ± 1.51 
46-47 ND ND 22.6 ± 1.27 12.45 ± 0.64 
47-48 ND ND 22.28 ± 1.56 12.13 ± 0.93 
48-49 ND ND 26.96 ± 1.73 16.81 ± 1.1 










































Appendix C: XRD Peak List 
 
Trench 2_1 cm Mg  
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
5 122 3.2 17.321 100 
6 45 0 15.748 37.15 
6 45 1 14.342 37.2 
9 4 0 10.138 3.25 
12 16 0 7.245 13.26 
14 13 0 6.423 10.47 
15.4 12 0 5.747 9.48 
17 11 2 5.353 8.92 
18 16 1 4.990 13.43 
18.6 15 1 4.765 12.16 
20 24 1 4.540 19.55 
21 20 2 4.242 16.48 
22.5 24 0 3.944 19.33 
23 17 0 3.867 13.57 
24 24 0 3.756 19.67 
25 17 0 3.579 13.93 
26 24 3 3.461 20.09 
27 32 1 3.348 26.1 
27 24 0 3.260 19.71 
28 18 0 3.198 18.8 
29 20 1 3.108 16.71 
33 1 0 2.711 0.83 
34.5 7 0 2.600 5.64 




















Trench 2_1 cm Mg gly 
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
4 60 1 23.243 75.35 
5 79 2 18.216 100 
8.1 16 0.2 10.861 20.42 
8.7 28 0.4 10.176 35.54 
10.04 11 0.2 8.801 14.44 
12.08 16 0.2 7.32 20.33 
13.3 5 0 6.674 5.91 
16 17 0.1 5.51 21.65 
18 12 2 4.823 15.26 
19.6 21 0 4.519 26.79 
20.6 18 1 4.312 22.76 
21.8 15 1 4.068 19.38 
22.7 20 0.2 3.912 25.32 
24.5 20 0 3.635 24.96 
25.2 30 1 3.535 37.43 
26.4 44 0 3.371 55.6 
29.3 8 0 3.048 10.22 
29.7 11 0.1 3.002 13.48 
31 0 0 2.843 0 
32 0 0 2.777 0 
33 0 0 2.684 0 
34 0 0 2.644 0 
34.6 8 1 2.586 9.58 
35 0 0 2.576 0 
35.8 4 0 2.509 4.58 
36 0 0 2.492 0.62 


















Trench 2_2 cm Mg  
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
6 1063 3 15.81 100 
6 154 0 14.171 14.48 
9 77 0 9.946 7.25 
12.4 138 0 7.133 13 
14.7 53 1 6.032 4.65 
18 38 0 4.971 3.61 
18 92 3 4.864 8.62 
22 53 0 4.033 5 
25 143 1 3.564 13.48 
26.7 169 1.5 3.337 15.87 
32 0 0 2.819 0 
34 0 0 2.663 0 
33.7 31 0 2.658 2.92 
34 148 0 2.636 13.95 
35 0 0 2.579 0 
37 0 0 2.434 0.04 






























Trench 2_2 cm Mg gly 
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
4 560 2 20.038 100 
5 5 0 18.612 0.93 
6 0 0 14.978 0 
7 0 0 13.544 0 
9 232 0 10.045 41.46 
12.2 97 0 7.245 17.39 
13 41 0 7.014 7.28 
14 35 0 6.145 6.24 
17 17 1 5.301 3.02 
17.7 53 0 5.007 9.39 
18 29 0.1 4.961 5.19 
18 28 1 4.826 6.7 
20 55 2 4.525 9.87 
24.8 137 1 3.582 24.55 
25.8 42 0 3.455 7.44 
26.6 131 1 3.349 23.41 
29 34 1 3.104 5.99 
33 0 0 2.689 0 
35.1 46 0 2.552 8.24 
36 43 0 2.501 7.64 
36 116 0 2.497 20.8 
37.6 12 0 2.391 2.17 
38 40 4 2.345 7.11 






















Trench 2_3 cm Mg  
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
6 788 1 15.755 100 
6 617 1 13.906 78.29 
9 33 0 10.019 4.25 
11 0 0 7.906 0 
12 80 0 7.162 10.18 
14 0 0 6.448 0 
15 21 0 5.96 2.68 
15 17 0 5.762 2.19 
16 10 0 5.644 1.22 
17 32 2 5.332 4.01 
18 66 1 5.003 8.35 
18 66 1 4.803 8.43 
20 51 1 4.43 6.5 
21 53 0 4.259 6.73 
23 45 1 3.84 5.77 
25 156 1 3.566 19.8 
27 183 1 3.339 23.21 
31 0 0 2.885 0 
32 0 0 2.779 0 
34.1 0 0 2.63 0 
26 0 0 2.532 0 
27 0 0 2.444 0 
36.9 0 0 2.433 0 
39 49 0 2.285 6.18 





















Trench 2_3 cm Mg gly 
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
3.15 541 2 28 100 
4.69 535 1.5 18.811 98.95 
9 155 1 9.807 28.76 
12.27 87 0.26 7.203 16.13 
18.48 82 2.3 4.797 15.236 
19.61 25 0.25 4.522 4.75 
20.8 44 1.7 4.266 8.23 
24.86 54 0.29 3.578 9.99 
25.27 85 3.7 3.52 15.71 
26.62 97 0.23 3.345 18 
27.45 56 0.07 3.245 10.52 
29.15 50 0.18 3.061 9.36 
29.51 48 0.2 3.024 9 
31 31 0 2.881 5.77 
34.19 0 0 2.62 0 
34.45 8 0 2.601 1.56 






























Trench 2_4 cm Mg  
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
6 1329 1 15.089 100 
9 28 0 10.076 2.11 
10 0 0 8.627 0 
12 170 0 7.159 12.83 
15 11 0 6.103 0.85 
17 66 2 5.103 4.95 
18 73 0 4.982 0.47 
19 76 1 4.789 5.75 
20 47 1 4.446 3.53 
21 47 1 4.234 3.57 
22 86 0 4.034 6.45 
25 279 0 3.573 20.99 
27 216 1 3.341 16.25 
29 53 0 3.076 3.96 
30 36 0 2.991 2.73 
33 0 0 2.742 0 
37 0 0 2.457 0 
37 0 0 2.423 0 
38 65 0 2.379 4.87 
38 0 0 2.366 0 

























Trench 2_4 cm Mg gly 
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
2 0 0 40.0155 0 
4 1749 1 24.478 48.52 
5 370 1 18.954 100 
5 31 0 17.465 8.42 
7 0 0 11.784 0 
9 136 0 10.059 36.87 
9 65 1 9.369 17.55 
12 103 0 7.221 27.99 
14 1 0 6.539 0.2 
14 0 0 6.451 0 
16 15 0 5.662 4.13 
16 31 0 5.541 8.28 
17 28 0 5.298 7.63 
18 49 1 5.011 13.24 
19 40 1 4.786 10.74 
19 26 1 4.564 6.95 
20 22 3 4.347 5.95 
23 70 0 3.832 18.85 
25 197 0 3.581 53.2 
26.6 209 0 3.352 56.56 
30 17 0 3.01 4.6 
30 0 0 2.933 0 
32 0 0 2.817 0 
31.8 49 0.1 2.812 13.22 
32.8 0 0.1 2.724 0 
33 50 0 2.713 13.49 
34.4 35 0 2.606 9.42 
38 25 2 2.394 6.71 
















Trench 2_5 cm Mg  
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
2 356 1 42.623 45.65 
5 522 2 16.343 66.94 
6.1 780 1 14.423 100 
8.8 55 0 10.032 7.1 
12.36 243 0.2 7.157 31.13 
15.62 10 0 5.667 1.29 
16 40 2 5.629 5.08 
17 28 1 5.254 3.56 
18 124 1 4.976 15.94 
19 75 1 4.758 9.55 
20 40 1 4.488 5.11 
21 30 1 4.26 3.9 
23 39 4 3.891 5.05 
23 5 0 3.862 0.63 
25 222 0.7 3.559 28.47 
26.6 258 1 3.342 33.09 
27 72 1 3.248 9.18 
30.5 29 0 2.931 6.69 
32 24 0 2.793 4.3 
34 0 0 2.672 0 
34 0 0 2.649 0 
37.8 39 0 2.377 4.99 
38 0 0 2.363 0 






















Trench 2_5 cm Mg gly 
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
2 244 0 39.891 42.258 
3 315 1.4 29.317 54.54 
4.7 577 1.6 18.918 100 
7 0 0 12.585 0 
7 0 0 11.887 0 
8.95 194 0.9 9.868 0.56 
12.3 145 0.3 7.214 25.18 
15.9 30 3 5.578 5.25 
17.8 82 1 4.971 14.29 
18.7 53 0.8 4.738 9.24 
19.6 66 0.9 4.514 11.4 
20.74 35 0.9 4.279 6.14 
23 46 4 3.801 8.04 
24.88 176 0.7 3.575 30.48 
26.6 162 1.1 3.348 28.12 
29.6 41 1 3.011 7.1 
34.4 8 0 2.602 1.41 
34 21 0 2.601 3.57 
35 37 0 2.591 6.46 
35 8 0 2.586 1.34 
35.35 28 0 2.537 4.83 
35.93 20 0.1 2.497 3.46 
36.49 16 0.2 2.46 2.75 
37 1 0 2.45 0.11 
37.65 13 0.3 2.387 2.28 




















Trench 2_6 cm Mg  
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
5.9 1079 2 14.926 100 
9 136 0 10.07 12.56 
12.39 328 0 7.138 30.42 
13 18 0 6.769 1.63 
18 152 1 4.95 14.08 
19 36 0 4.702 3.35 
20 35 1 4.483 3.2 
20 19 0 4.35 1.77 
21 50 0 4.246 4.59 
23 52 0 3.937 4.81 
23.6 32 0.2 3.765 2.93 
24.9 279 0 3.573 25.8 
26.7 393 1 3.333 36.43 
30 34 0 2.977 3.16 
32.5 0 1.4 2.956 0 
33 0 0 2.741 0 
34 0 0 2.656 0 
38 89 2 2.378 8.2 
38 259 0 2.355 24.04 



























Trench 2_6 cm Mg gly 
   Position         Height             FWHM Left              d-spacing          Relative Intensity 
      (°2θ)              (cts)                     (°2θ)                          (Å)                             (%)    
3 219 1 28.099 50.49 
4.6 434 1 19.214 100 
5 113 0 17.832 26.05 
6 0 0 13.625 0 
8.8 240 0.2 10.022 55.26 
10 7 0 8.603 1.63 
12.3 156 0.3 7.197 35.92 
15 0 0 5.992 0 
17.7 48 0 5.001 10.97 
18 46 1.3 4.865 10.55 
19.5 29 1 4.558 6.76 
20.8 32 0 4.275 7.44 
24.88 188 0.5 3.576 43.37 
26.6 216 0.5 3.348 49.65 
27.6 34 1 3.232 7.88 
29.2 38 1 3.054 8.64 
32 0 0 2.826 0 
33 0 0 2.697 0 
34 0 0 2.664 0 
34.2 5 0 2.62 1.09 
34 0 0 2.616 0 
35.8 29 1 2.505 6.69 
36 126 0 2.487 28.91 
36.6 20 0 2.455 4.6 
37.6 24 0.4 2.388 5.48 




















Appendix D: Free Swell Index 
 
Trench 2_1 cm  
     Trial             Vd                   Vk                    FSI            Vd 15% NaCl        Vd 25%NaCl 
                        (mL)               (mL)                                           (mL)                    (mL) 
1 13.900 10.5 32 13.000 14.000 
2 13.950 10.45 33 13.150 14.150 
3 13.900 10.9 28 15.250 14.200 
4 14.150 11.1 27 14.900 15.000 
5 14.150 11.55 23 14.150 14.150 
6 13.250 10.75 23 ND ND 
7 13.150 10.25 28 ND ND 
8 14.750 10.10 46 ND ND 
9 13.000 9.75 33 ND ND 





Trench 2_2 cm  
     Trial             Vd                   Vk                    FSI            Vd 15% NaCl        Vd 25%NaCl 
                        (mL)               (mL)                                           (mL)                    (mL) 
1 14.000 10.450 34 13.800 13.750 
2 13.450 10.250 31 14.700 15.000 
3 14.900 10.000 49 15.000 14.250 
4 13.950 9.850 42 14.000 14.000 
5 14.950 11.000 36 14.250 14.500 
6 12.250 10.000 23 ND ND 
7 12.250 9.250 32 ND ND 
8 12.500 9.000 39 ND ND 
9 13.250 10.700 24 ND ND 







Trench 2_3 cm  
        Trial                            Vd                                    Vk                           FSI     
                                          (mL)                                 (mL)                            
1 14.250 10.500 36 
2 14.500 10.450 39 
3 14.950 10.900 37 
4 15.000 11.100 35 
5 14.900 11.550 29 
6 15.000 11.250 33 
7 11.250 9.300 21 
8 11.500 10.250 12 
9 12.500 10.050 24 






Trench 2_4 cm  
        Trial                            Vd                                    Vk                           FSI     
                                          (mL)                                 (mL)                            
1 12.000 10.900 10 
2 12.000 9.900 21 
3 11.950 9.950 20 
4 12.250 10.750 14 
5 12.000 10.500 14 
6 12.500 10.500 19 
7 12.100 10.500 15 
8 12.150 10.000 22 
9 12.450 10.000 25 








Trench 2_5 cm  
        Trial                            Vd                                    Vk                           FSI     
                                          (mL)                                 (mL)                            
1 12.100 10.150 19 
2 11.950 9.950 20 
3 11.900 9.950 20 
4 11.800 10.100 17 
5 11.900 10.150 17 
6 11.450 9.950 15 
7 11.250 9.750 15 
8 11.800 9.800 20 
9 12.100 10.250 18 





Trench 2_6 cm  
        Trial                            Vd                                    Vk                           FSI     
                                          (mL)                                 (mL)                            
1 11.150 9.950 12 
2 11.750 9.950 18 
3 11.900 10.500 13 
4 11.200 10.250 9 
5 11.000 9.900 11 
6 10.750 9.700 11 
7 11.500 10.100 14 
8 11.150 10.150 10 
9 11.800 10.100 17 









Appendix E: Vibra-core elevations 
 
              Vibra-cores                                         Elevation (NAVD88) 
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